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PREFACE  TO  THE  FIFTH  EDITION. 


The  call  for  the  fiflh  edition  of  this  booh  within  two 
years  of  the  publication  of  the  fourth  is  naturally  a 
source  of  very  great  gratitication  to  the  author,  and  he 
takes  tills  occasion  to  express  his  obligations  to  those  of 
his  readers  who  have  materially  contributed  to  the  suc- 
cess of  the  work  by  friendly  comments  and  criticism. 

The  plan  of  thin  edition  does  not  differ  from  that 
followed  in  its  jiredecessors.  Reference  has  been  made 
to  such  investigations  of  the  past  two  years  as  are  per- 
tinent to  a  hook  of  this  charsictcr,  and  essential  to  an  un- 
derstanding on  the  part  of  the  reader  of  the  lines  along 
which  the  subject  has  advanced.  Several  chapters,  par- 
ticularly those  on  te<rhni<jiic,  diainfection,  the  specific 
infwtions,  and  ininuuiity  have  been  considerably  en- 
Iui^-<1.  In  some  cases  opinions  expresses)  in  former  edi- 
tions have  been  nio*lifi«l  to  confc»rm  to  more  advanced 
views.  A  number  of  the  old  illustrations  have  been 
rephu'wl  by  ik-w  ones,  sevenil  of  which  are  in  colors. 
The  author  tniflts  that  sueh  altenitions  as  have  been 
made  will  be  regarded  as  adiling  to  the  value  of  tlie 
work, 

['iiilai>(:lpbia,  March,  18Q9. 


PREFACE  'I'O  THE  FIRST  EDITION. 


In  preparing  tliis  book  tlie  author  has  kept  in  mind 
tlie  needs  of  the  stiidcnt  and  praotiti'inrr  ol'  nieiiioine, 
for  whom  the  import^iiiw-  of  an  ac<{uuiiitane<>  witli  prae- 
tical  baeteriolt^y  cannot  he  overestimated. 

It  is  to  advances  made  through  Iwict^riolngical  re- 
search that  we  are  indebted  for  much  of  our  knowledge 
of  the  conditions  underlying  infection,  and  for  the  elu- 
cidation of  many  hitherto  obsi-iire  problems  concerning 
the  etiology,  the  monies  of  transmission,  and  the  means 
of  prevention  of  infectious  maladies. 

Only  within  a  comparatively  short  time  have  students 
and  physicians  been  enabled  to  obtain  the  systematic 
instruction  in  this  science  that  is  of  value  in  aiding 
them  in  their  efforts  to  cheek  disease.  The  rapid  in- 
ise  in  the  number  who  are  availing  themselves  of 
these  opitortunitius  speaks  directly  for  the  prsictieal 
value  of  the  science. 

As  the  majority  of  those  undertaking  the  study  of 

L  buteriolf^y  do  so  with  the  view  of  utilizing  it  in  med- 

l  »ftJ  practice,  and  as  many  of  these  can  devote  to  it  but 

mion  of  their  time,  it  is  desirable  that  the  subject- 

r  be  presented  in  as  direct  a  manner  u»  possible. 


VI  PREFACE  TO  TBE  FIRST  EDITION. 

Presuming  tlio  reader  to  be  unfamiliar  with  the  sub- 
jeet,  the  authiir  has  restricted  himself  to  those  funda- 
mental features  that  are  essential  to  ita  utidc  rata  tiding. 
The  object  has  been  to  present  the  important  ideas  and 
methods  as  concisely  as  in  compatible  with  cleaniesg, 
and  at  the  same  time  to  accentuate  throughout  the 
unilerlying  principles  which  govern  the  work. 

With  the  view  of  inducing  independent  thought  on 
the  part  of  the  student,  and  of  diminishing  the  fre- 
quency of  that  olt-heanl  i|upry,  "  What  shall  I  do 
next?"  exp'riments  have  been  siiggestetl  wherever  it 
is  po&siblc.  Tlh!Pc  have  beeo  arrau^l  to  illiit>tnite  the 
salient  points  of  the  work  antl  to  attract  attention  to 
the  minute  details,  upon  the  observation  of  which  so 
much  in  liacttriologj-  depends. 

Philaiielphia,  December,  18'Jl. 
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bacleriolugy. 

Bacterioi/hiy  may  be  said  to  have  had  its  begin- 
ning with  the  ohstTvatioiis  of  I^-cnweiihock  in  the  latter 
part  of  tlie  9evciit<'t'nth  century.  Thougli  its  most  rapid 
and  important  development  lias  taken  place  during  the 
past  fifteen  or  twenty  years,  still,  a  review  of  the  vari- 
oua  evolutionary  phai^s  through  which  it  lias  passed 
in  the  course  of  more  than  two  hundred  years  re- 
veals an  entertaining  and  iiistnictive  history.  From 
tlie  very  outset  its  history  is  inseparably  connected 
with  tliat  of  medicine,  an<l  to-<lay  its  relations  to  hy- 
giene and  preventive  medicine  are  of  fundamental  im- 
portunee.  It  Is,  indeeil,  tlimugh  a  more  intimate  ac- 
quaintance with  the  biological  activities  of  tlie  unicel- 
lular vegetable  micro-oi^inisnis  that  modem  hygiene 
has  attained  the  pniminence  and  importance  now  justly 
acc(>rdc<l  to  it.  Through  studies  in  the  domain  of  bae- 
terioh>gy  our  knowledge  of  the  causjition,  course,  and 
prevention  of  iiifeotious  diseawH  is  daily  becoming  more 
accurate,  ami  it  is  newlless  to  emphasize  the  relation  of 
Buch  knowledge  to  the  manifold  ]in>l>lems  that  pre- 
sent theniBclvcs  to  the  utiident  of  modern   medicine. 
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INTRODUCTION, 

"OmDevivumei  vivo  "—The  overthrow  of  the  doctrine  of  spoiitaoeooa 
Kenetstion— Eftrlier  bacteriological  studies— The  birth  of  modem 
bacteriology. 

Bacteriolooy  may  be  said  to  have  liatl  its  begin- 
ning with  the  obsorvationsi  of  Ijceiiweiihoek  in  tlie  latter 
part  of  the  seventeenth  century.  Thowgli  itd  most  rapid 
and  important  development  lias  taken  place  during  the 
past  fifteen  or  twenty  years,  still,  a  revie\v  of  the  vari- 
ous evolutionary  phases  through  which  it  has  passed 
in  the  course  of  more  than  two  hundred  years  re- 
veals an  entertaining  and  instnictive  history.  From 
the  very  outset  its  history  is  inseparably  connected 
with  that  of  medicine,  and  t«-<lay  it«  relations  to  hy- 
giene and  preventive  meiiicine  arc  of  fimdaniental  im- 
portance. It  is,  indeed,  through  a  more  intimate  ae- 
qiiaiutancc  with  the  biological  activities  of  the  unicel- 
lular vegetable  micro-oi^janisms  that  modem  livgiene 
ha.s  attained  the  prominence  and  imi>ortance  now  justly 
accorded  to  it.  Tbmugh  studies  in  the  domain  of  Ikic- 
teriology  our  knowledge  of  the  can«ation,  course,  and 
prevention  of  infectious  diseases  is  daily  Incoming  more 
'  accurate,  an<l  it  is  needless  to  emphasize  the  relation  of 
fluch  knowledge  to  the  manifold  pmblenis  that  pre- 
sent themselves  to  the  student  of  modem   medicine. 
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Though  the  contributions  which  have  done  most  to  place 
bacteriology  on  the  f(K)ting  of  a  ficience  are  those  of 
recent  years,  still,  during  the  earlier  stages  of  its  de- 
velopment, many  observations  were  made  which  formed 
the  foundation-work  for  much  that  was  to  follow.  Be- 
fore regularly  beginning  our  studies,  therefore,  it  may 
hi},  of  advantage  to  accjuaint  ourselves  with  the  more 
prominent  of  these  investigations. 

Antony  van  Lceuwenhock,  the  first  to  describe  the 
IxKlies  now  recognized  as  bacteria,  was  born  at  Delft,  in 
Holland,  in  16*^2.  He  was  not  considered  a  man  of 
liberal  education,  having  lK»en  during  his  early  years  an 
apprentice  to  a  lincndraper.  During  his  apprenticeship 
he  learned  the  art  of  lens-grinding,  in  which  he  became 
so  proficient  that  he  eventually  i>erfected  a  simple  lens 
by  means  of  whic^h  he  was  enabled  to  see  objects  of 
much  smaller  dimensions  than  any  hitherto  seen  with 
the  best  compound  microscoj^es  in  existence  at  that 
date.  At  the  tiuK*  of  his  discoveries  he  was  following 
the  trade  of  linendniper  in  Amsterdam. 

In  1G75  he  i)ublished  the  fact  that  he  had  succeeded 
in  j>erfecting  a  lens  by  means  of  which  he  could  detect 
in  a  drop  of  rain-water  living,  motile  "animalcules" 
of  the  most  minute  dimensions — smaller  than  anything 
that  had  hitherto  been  seen.  Encouraged  by  this  dis- 
covery, he  ('(mtiiuied  to  examine  various  substances  for 
the  i)resence  of  what  he  considered  animal  life  in  its 
most  minute  form.  He  found  in  sea-water,  in  well- 
water,  in  the  intestinal  canal  of  frogs  and  binls,  and  in 
his  own  diarrlueal  evacuations,  objects  that  differenti- 
atcMl  themselvi»s  the  one  from  the  other,  not  only  by 
their  shape  and  size,  but  also  by  the  i>eculiarity  of 
motility  whi(!h   some  of  them  were   seen    to   possess. 
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In  the  year  1683  he  discovered  in  the  tartar  scraped 
from  between  the  teeth  a  form  of  micro-organism  upon 
which  he  kid  special  stress.  This  observation  he  em- 
bodied in  the  form  of  a  contribution  which  was  presented 
to  the  Royal  Society  of  ijondon  on  September  14, 1683. 
This  paj)er  is  of  particular  importance,  not  only  because 
of  the  careful,  objective  nature  of  the  description  given 
of  the  bodies  seen  by  him,  but  also  for  the  illustrations 
which  accompany  it.  From  a  perusal  of  the  text  and  an 
inspection  of  the  plates  accompanying  it  there  remains 
little  room  for  doubt  that  Leeuwenhoek  saw  with  his 
primitive  lens  the  bo<lies  now  rect^nized  as  bacteria.' 

Upon  seeing  these  bodies  he  was  apparently  very 
much  impressed,  for  he  writes :  "  With  the  greatest 
astonishment  I  observed  that  everywhere  throughout 
the  material  which  I  was  examining  were  distributed 
animalcules  of  the  most  microscopic  dimensions,  which 
moved  tbomselvesaboutinaremarkably  energetic  way." 

This  discovery  was  shortly  followed  by  others  of  an 
equally  important  nature,  Hia  field  of  observation 
appears  to  have  increased  rapidly,  for  after  a  time  he 
speaks  of  bodies  of  much  smaller  dimensions  than  those 
at  first  described  by  him. 

Throughout  al!  of  Leeuwenhoek's  work  there  is  a 
conspicuous  absence  of  the  speculative.  His  contri- 
butions are  remarkable  for  their  purely  olijective 
nature. 

After  the  presence  of  these  organisms  in  water,  in 
the  mouth,  and  in  the  intestinal  evacuations  was  made 
known  to  the  world,  it  is  hanlly  surprising  that  they 
were  immediately  seized  upon  as  the  explanation  of  the 

«   LBKVWKSUOKtC', 


CHAPTEB  XXI. 
Typboid  feTcr — Study  of  the  orgsnism  concerned  in  its  pro- 
duction—itadfriiiin  eali  amnnane — Its  rciionibl&ncy)  tu  the 
bacillus  of  typhoid  fevei — Its  morptiologicsl,  cultuntl.  and 
pathogenic  prapertiea — Its  differentiatJOD  fVoin  badUat  ty- 
pAoiuf^Melbods  of  iaoUting  the  typhoid  bacillus 369-400 

CHAPTER  XXn. 
The   spirillnm   (comina    bacillus]    of    Asiatic   diolera  — IIh 
iiioT]ihological  and  cultural  prculiarities— PathoKenic  prop- 
erties—Tlie  bacleriological  diagnosis  of  Asiatic  cholera     .    .   401-438 

OHAPTEE  XXriI. 
Organisms  of  iut^rest,  bistorically  and  otherwise,  that  have 
been  confouniied  vith  the  spirillum  of  Asiatic  cholera — 
Their  peculiarities  and  differential  features — Vibrio  iiroleiii, 
or  bacillus  of  Flnklcr  and  Prior— ^mUiin  ffrDgntiim,  or 
cheese  spirillnm  of  Deneke — The  spirillum  of  Miller—  Hbrio 
Meldinikmi 429-447 

CHAPTER  XXEV. 

Study  of  baallut  antXraeit,  and  the  efTccts  produced  hy  its  in- 
uculalion  into  animals— Peculiarities  of  the  organism  under 
varyiug  conditions  of  surroundings 440-4GS 

CHAPTEB  XXV. 
Tho  most  important  of  the  organisms  fonnd  in  the  soil — The 
nitrifying  Imcloria— The  bacillus  uf  tclauuH — Tho  bavilluH 
of  malignant  ccdenia— Tbo  bacillus  of  symptomatic  anthrax   463-468 

CHAPTER  XXVI. 

Infection  and  imninnity— The  types  of  infection ;  intlnialc 

nature  uf  infei^tinu—.'^-pliriFmin.  toxirmia.  varialionn  in  iu- 

fci'tiuUH  pn>c('s.<vs--Ininiuiii(y,  nntuml  nnd  aci|Uirod— Tho 

hypnihcws  that  ha^e  lieen  advanci-d  in  explanation  of  ini- 

(TIAITER  XXVII. 

Bni' tori  "logical  study  uf  water  Mitlioils  employed  ~  Prc- 
ciiuliiiUK  to  If  observed- ApianitUH  used,  and  nielliixls  of 
u^ng  them—MetbiHls  of  invcstiKOtingnir  nnd  wil     ....  Oi6-!Xil 


CONTENTS.  xi 

CHAPTEK  XXVIII. 
Hetfaoda  of  testing  duunfectaotB  and  antiscplics — Eiperimeiits 
illuBtrstioK  the  precautions  to  be  taken— Ex pcrimcDts  in 
Bkin-disinfection 55&-571 


APPEKDIX. 
Apparatus  neceamTy  in  a  begioncr's  bacteriolf^cal  laboratory  5T3-6T8 


INTRODtJCTlOy. 

by  TreviraniiH,  viz.,  that  the  high  temperature  to  which 
the  inl'imioiLS  had  been  subjected  had  so  altered  tlieiii 
and  the  air  about  them  that  the  <»)nditioii!<  ftivurable  to 
spontaneous  generation  no  longer  existed,  wag  promptly 
met  by  Spallanzani,  when  he  gently  ta}>pod  one  of  the 
flasks  that  had  been  boiled  against  a  hard  object  until  a 
minute  crack  was  produced  ;  invariably  organisms  and 
decompasition  apjicnred  in  the  flask  thus  treated, 

From  tile  time  of  the  experiments  of  Spallanzani 
until  as  lat€'  as  1836  but  little  advance  was  made  in  the 
elucidation  of  this  obscure  problem. 

Id  1836  Schulze  attracted  attention  to  the  subject  by 
the  convincing  nature  of  bis  investigations.  He  showed 
that  if  the  air  which  gnined  access  to  boiled  infusions 
was  robbed  of  its  living  organisms  by  being  caused  to 
pass  through  strong  acid  or  alkaline  solutions  no  decom- 
position occurred,  and  liviu^  organisms  could  not  be 
detected  in  the  infusions.  Following  quiekly  upon 
this  contribution  came  Schwann,  in  18;S7,  and  somewhat 
later  (18-54)  Schroder  and  Dusch,  with  similar  results 
obtained  by  somewhat  different  means.  Schwann  de- 
prived the  air  which  passed  to  his  infusions  of  its  Hying 
particles  by  conducting  it  through  highly  heated  tubes ; 
whereas  Scliriider  and  Dusch,  by  means  of  cotton-wool 
interpo8e<l  between  the  boiled  Infusions  and  the  outside 
air,  robbed  the  air  passing  to  the  infusions  of  its  organ- 
isms  by  the  siuiple  process  of  filtration.  In  1860  HiifF- 
mann  and  in  18fil  Chevreul  and  Pasteur  demonstrated 
tii&t  the  precautions  taken  by  preceding  investigators 
fyr  rendering  the  air  which  entered  these  flasks  free 
from  bacteria  were  not  necessary;  that  all  that  was 
I  neocBsary  to  prevent  the  access  of  bacteria  to  the  Infu- 
sions in  the  flasks  was  to  draw  out  the  neck  of  the  flask 
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INTRODUCTION. 

"  Omne  vivum  ex  vivu  " — The  overthroirof  tbc  dactrine  of  spontaneoas 
generation— Earlier  bacteriological  studies— The  birth  of  modem 
bacteriology. 

Bacterioi/kjy  may  be  said  to  have  had  its  begin- 
ning with  tlie  oltHorvatious  of  Ijf-einvenhoek  iu  the  latter 
part  of  the  seveiiteoiith  century.  Though  its  most  rapid 
and  important  development  has  taken  place  during  the 
past  fifteen  or  twenty  years,  still,  a  review  of  the  vari- 
ous evolutionary  phases  tliroiigli  which  it  lias  passed 
in  the  eourse  of  more  than  two  liimflred  years  re- 
veals an  entertaining  and  instnictive  history.  From 
tlie  very  outi^et  it.s  history  is  inseparably  connected 
with  that  of  mwliciue,  and  to-<Iay  its  relations  to  hy- 
giene and  preventive  medicine  are  of  fundamental  im- 
portance. It  is,  indeed,  thningh  a  more  intimate  ac- 
quaiiihtnce  with  the  biiili^ieal  activities  of  the  unicel- 
lular vegetjd)Ie  micro-organisms  that  modern  hygieiH' 
has  flttaim'd  the  prominence  and  iniportjince  now  jnstty 
acc<ir<le<l  to  it.  Through  studies  In  the  domain  of  hae- 
teri(d<»gj'  our  kniiwledgi'  of  the  causation,  course,  and 
prevention  of  infectious  dis<'ases  is  daily  becoming  more 
accurate,  ami  it  is  nec<lless  to  enipliaslite  the  ri'lation  of 
8uch  knowledge  to  the  manifold  problems  that  pre- 
sent themselves  to  the  student  of  mo<icrn   meifieine. 
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to  further  investigations,  and  as  the  all -important  ques- 
tion was  that  oon<^ming  the  relation  of  these  micro- 
scopic organisms  to  liiMease,  attention  naturally  turned 
into  this  channel  of  study.  Even  Infore  the  hypothesis 
of  s[>oiitaneotis  generation  had  received  its  final  refutation 
a  number  of  observations  of  a  most  important  nature  had 
been  made  by  investigators  who  had  long  since  eeaaed  to 
consider  spontaneous  generation  as  a  tenable  explanation 
of  the  origin  of  the  microscopic  living  particles. 

In  the  main,  tliese  studies  had  been  L-onducted  upon 
wounds  and  the  infections  to  which  they  are  liable ;  in 
fact,  the  evolution  of  our  knowledge  of  bacterioli^y  to 
its  present  development  is  so  intimately  associated  with 
this  particular  line  of  investigation  that  a  few  historical 
facts  in  conncctitm  with  it  may  not  be  without  interest. 

The  observations  of  Itindfleiscli,  in  1866,  in  which 
he  describes  the  presence  of  small,  pin-head  points  in 
the  myocardium  and  general  musculature  of  individuals 
that  had  died  as  a  result  of  infected  wounds,  represent, 
probably,  the  first  reliable  contribution  to  this  subject. 
He  studied  the  tissue-changes  n)nnd  about  those  points 
up  to  the  stage  of  miliary  abscess-formation.  He  refers 
to  the  organisms  a^  "  vibrios."  Almost  simaltaneously 
von  Recklinghausen  and  Waldeyer  described  similar 
changes  that  they  had  observed  in  pyemia  and,  occa- 
sionally, secondary  to  typhoid  fever.  Von  Reckling- 
hausen believed  the  granules  seen  in  the  abscess-points 
to  l>e  micrococci  ami  not  tissue-detritus,  and  gave  as 
tile  reason  that  they  were  regular  in  size  and  shape,  and 
gave  speetlic  reactions  with  particular  staining-flaids. 
Birch -Hi  rsehfeld  was  able  to  trace  bacteria  found  in 
the  blood  and  oi^iis  to  the  wound  as  the  point  of  en- 
trance, and  believed  both  the  local  and  the  constitntioDal 
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condition  to  etaiul  in  tlirect  ratio  to  the  nnmlxr  of  spher- 
ical l>acteria  present  in  tlie  woiuid.  Ho  observed  also 
that  as  the  or^ranisms  increased  in  number  they  could 
often  be  found  within  the  bodies  of  pus-corpuscles. 
His  studies  of  pyiemia  led  him  to  the  iuiportant  con- 
clusion tliat  in  this  condition  micro-orguuisms  were 
always  present  in  the  blood. 

Of  immense  importance  to  the  subject  were  the  in- 
vestigations of  Klebs,  made  at  the  Military  Hospitel 
at  Carlsrnhe  in  1870-'71.  He  not  only  saw,  as  others 
before  liim  had  seen,  tliat  bacteria  were  present  in  dis- 
eases fullowinj!:  infectiim  of  wounds,  but  described  the 
manner  in  which  the  ni^niams  had  gained  entrance 
from  the  point  of  injury  to  the  intf^rual  organs  and 
blood.  He  expressed  the  opinion  that  the  spherical 
and  rod-shajied  bodies  which  ho  saw  in  the  secretions  of 
wounds  were  closely  allied,  and  he  gave  to  them  the 
designation  "  mlerosporon  septicura."  He  belie\'ed  that 
the  organisms  gained  access  to  the  tissues  round  about 
the  point  of  injury  both  by  the  aid  of  the  wandering 
leucocytes  and  by  being  forced  through  the  connec- 
tive-tissue lymph-siMces  by  the  mechanical  pressure  of 
muscular  coutraetion. 

On  erysipelatous  inflammations  secondary  to  injury 
important  investigations  were  also  being  raade,  Wilde, 
Orth,  von  Hecklin^Imusen,  Lukomsky,  Billroth,  Ehr- 
lich,  Fehleisen,  anil  others  agreeing  that  in  these  con- 
ditions micro-organisms  could  always  be  detected  in  the 
lymph-chanuels  of  the  subcutaneous  tissues ;  and  through 
the  work  of  Oertcl,  Nassiloff,  Classen,  Ijetzerich,  Klebs, 
and  Eberth  the  constant  presence  of  bacteria  in  the 
diphtheritic  deposits  at  times  seen  on  open  wounds  was 
established. 
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Simple  anil  natural  as  all  this  may  se^n  to  us  now, 
tin;  <»t^e  to  which  the  subject  had  developed  when  these 
fAmf;rvsLtions  were  recorded  did  not  admit  of  their  meet- 
ing with  tmcondit tonal  acceptance.  The  only  strong 
argument  in  favor  of  the  etiological  relation  of  the 
organ  ii^mii  that  had  been  seen  to  the  diseases  with  which 
thev  were  as.<<ociated  was  the  constancv  of  this  associa- 
tion.  No  efforts  had  been  made  to  isolate  them,  and 
few  or  nfine  to  reproduce  the  pathological  conditions  by 
imiculation.  Moreover,  not  a  small  number  of  inves- 
tigati>rs  were  skeptical  as  to  the  importance  of  these 
#rfw**?r\'ation« ;  many  claimed  that  micro-organisms  were 
nonrially  present  in  the  blood  and  tissues  of  the  body  ; 
and  HtfUio.  even  urged  that  the  organisms  seen  in  dis- 
f'iit¥'il  conditions  were  the  result  rather  than  the  cause 
of  the  maladies.  It  is  hartUv  necessar>'  to  do  more 
than  «iy  that  Inith  of  these  views  were  purely  specula- 
tive, and  have  never  had  a  single  reliable  experimental 
argiiriient  in  their  favor.  Billroth  and  Tiegel,  who  held 
to  the  former  opinion,  did  endeavor  to  prove  their  posi- 
tion through  <fX|K'ri mental  means  ;  but  the  methods  em- 
ployi'rl  by  them  were  of  such  an  untrustworthy  nature 
that  thr*  fallacy  of  (l(»duetions  drawn  from  them  was 
very  (juiekly  demonstrated  by  subsequent  investigators. 
Their  mc^tlicKl  for  demonstrating  the  presence  of  micro- 
organismH  in  normal  tissues  was  to  remove  bits  of  organs 
from  the  healthy  animal  bmly  with  heated  instruments 
and  droj)  them  into  hot  melted  paraffin,  they  holding  that 
all  living  orgjuiisms  on  the  surface  of  the  tissues  would  be 
destroye^l  by  tlu?  high  temperature,  and  that  if  decom- 
p<»Hition  should  subse(|uently  occur  it  would  prove  that 
it  was  i\w  result  of  the  growth  of  bacteria  in  the  depths 
of  the  tissues  to  which  the  heat  had  not  penetrated. 
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DecompoeitioD  did  usually  set  in,  and  they  acceptt.-d 
this  as  proof  of  the  accuracy  of  their  view.  Attention 
was,  however,  shortly  called  Ut  the  fact  tliat  ia  cooling 
there  was  contraction  of  the  paraffin,  resulting  usually 
in  the  production  of  small  rents  and  cracks  in  which 
dust,  and  bacteria  lodge<l  ujwn  it,  conld  accumnlatfi  and 
fiDally  gain  access  to  the  tissues,  with  the  occurrence  of 
decomposition  as  a  consequence.  Their  results  were 
thus  explained  after  a  manner  analogous  to  that  em- 
ployed by  Spallanxani,  in  1769,  in  demonstrating  to 
Treviranus  the  fallacy  of  the  opinion  held  by  liim  and 
the  accuracy  of  his  own  views,  viz.,  that  it  \va,s  alway.^ 
through  the  access  of  organisms  from  withunt  that  de- 
composition primarily  originat<.><l.     (See  jmge  ^:t,) 

Under  careful  precautions,  against  \4lii('li  no  objection 
could  be  raised,  the  experiments  of  Billroth  and  Tiegcl 
were  repcaf«tl  by  Pasteur,  Biinlon-SimdcrHon,  and  KIcbs, 
hut  with  failure  in  evcrj-  instjuice  to  deinoustmtc  the 
presence  of  bacteria  in  the  healthy  living  tissues. 

The  fundamental  rcsean-hes  of  Kih'Ii  (ISSl)  upon 
path<^nic  bacteria  and  their  nlation  to  the  infections 
diseases  of  animals  differed  from  those  of  |>ivieding 
investigators  in  many  im[M>rtant  rcsiHcts.  The  scien- 
tific methods  of  analysis  with  wliicli  each  lunl  every 
ol)scure  problem  was  met  as  it  amse  served  at  once  to 
distinguish  him  as  a  pioneir  iu  tins  hitherto  liut  iiiipcr- 
feetly  cultivated  domain.  Tlic  iiiiteonic  ot'  tluse  inves- 
tigations was  the  establishuient  of  a  foiiiiiLitirin  ujniu 
which  the  Imcteriolog^-  of  ihc  future  was  to  iist.  1  le,  for 
the  first  time,demonstnif<il  that  .Ustinrt  variitii's  of'infee- 
tion,  as  evidence<l  by  anatomical  elian^es,  are  tliie  iu  many 
cases  to  the  activities  of  spceilic  TiiiiTo-()rjr!Uiisnis,  and 
that  by  proper  methods  it  is  possihle  to  isolate  tli(>se 
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organisms  in  pure  culture,  to  cultivate  them  indefinitely, 
to  reproduce  the  conditions  by  inoculation  of  these  pure 
cultures  into  susceptible  animals,  and  to  continue  the 
disease  at  will  by  continuous  inoculation  from  an  in- 
fected to  a  healthy  animal.  By  the  methods  that  he 
employed  he  demonstrated  a  series  of  separate  and  dis- 
tinct diseases  that  can  be  produced  in  mice  and  rabbits 
by  the  injection  of  putrid  substances  intf)  their  tissues. 
The  disease  known  as  septicemia  of  mice,  likewise  a  dis- 
ease characterized  by  progressive  abscess-formation,  and 
pyaemia  and  septicaemia  of  rabbits,  were  among  the  affec- 
tions prmluced  by  him  in  this  way.  It  was  in  the  course 
of  this  work  that  the  Abbe  system  of  substage  condens- 
ing apparatus  was  first  used  in  bacteriology ;  that  the 
aniline  dyes  suggested  by  Weigert  were  brought  into 
general  use ;  that  the  isolation  and  cultivation  of  bacteria 
in  pure  culture  on  solid  media  were  shown  to  be  possible ; 
and  that  animals  were  employed  as  a  means  of  obtain- 
ing from  mixtures  pure  cultures  of  pathogenic  bacteria. 
With  the  bounteous  harvest  of  original  and  important 
suggestions  that  was  reaped  from  Koch's  classical  series 
of  investigations  bacteriology  reached  an  epoch  in  its 
development,  and  at  this  period  modern  bacteriology 
may  justly  be  said  to  have  had  its  birth. 

Note. — T  have  presented  only  the  most  prominent 
investigations  that  will  serve  to  indicate  the  lines  along 
which  the  subjec^t  lias  (levelo|XHl.  For  a  more  detailed 
account  of  the  historical  development  of  the  work  the 
reader  is  referred  to  Loffler's  inrstruetive  and  enter- 
taining VorIcsuii(/en  i'ther  die  (/vHchichtUche  Entmckelung 
(lev  Lehrv  von  den  BactcricUj  upon  which  I  have  drawn 
largely  in  pre})aring  the  foregoing  sketch. 
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Definition  or  bovteria — Tbuir  plavo  in  nature — DiBV'rences  between 
panuitos  and  fapri>|iUyti'^— Niitrilion  i>r  bnctcriH — Pruduc^lti  of  Ijoc- 
toria— Their  relation  to  uiygen— Influcnrc  of  teroponitiire  upon 
tbeit  growtti. 

By  the  term  bai^teria  is  understootl  thiit  lai^'  group 
of  niiniite  vegetable  urganisnis  the  iDdividiiul  njemhors 
of  which  multiply  by  a  process  of  transverse  division. 
They  are  spherieal,  oval,  rod-like,  and  spiral  in  shape, 
and  are  commonly  devoid  of  chlorophyll.'  Owing  lo 
the  absence  of  cliloi-ojihyll  from  their  composition  l)ae- 
t«ria  arc  forced  to  obtain  their  nutritive  materials  from 
organic  matters  as  such,  and  lead,  ihercfore,  either  a 
saprophytic'  or  parasitic'  existence. 

Their  life-processes  are  so  rapid,  complex,  and  ener- 
getic that  they  result  in  the  most  profoimd  alterations 
in  the  structure  and  romjKisition  of  the  materials  in  and 
upon  which  they  are  developing. 

Decomposition,  putrefaction,  and  ieriiR'ntation  result 

■  Cfalorophyll  ifl  the  gnen  tvAadog-matltT  poeaessei  by  (lie  higher 
plauta  by  means  of  wbieh  they  ore  cuubled  in  the  vresenrc  of  snulight 
to  dwoiupode  csrbunirj  ucid  (COi)  and  aniiuniiia  I  KH.i)  lutu  Iheir  cle- 
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not  develop  njHin  dead  a 
"bouttntive"  HBpniphytos  and  paissi tea  which  poweHS  the  power  of 
■oeommodnting  tbewselves  lobKistingsiirrounaings— at  onetime  ieail- 
taig  a  inruilic,  at  another  linic  n  Bnpropbytic  oiistenra. 
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ln)in  the  ii(*.ti vitios  of  the  mprophyiii*  bacteria ;  while  the 
chungeH  brought  about  in  the  tissues  of  their  host  by  the 
|)un»ly  pdrdHidr  ibrins  fiiul  (expression  in  disease-proc- 
(»Hrti'H  iukI  not  inire(juently  in  complete  death. 

Tlie  nMe  phiye<l  in  naturt*  by  the  saprophytic  bacteria  is 
a  very  important  one.  Through  their  functional  activities 
the  highly  eomplieuteil  tissues  of  dead  animals  and  vege- 
tabh's  are  resolved  into  the  simpler  compounds,  carbonic 
acM(l,  \vat<'r,  and  ammonia,  in  which  form  they  may  be 
t2ik(*n  up  and  appropriated  as  ncmrishment  by  the  more 
higiily  org;mi/('<l  members  of  the  vegetable  kingdom. 
It  is  tiirough  tiiis  idtimate  pHxluetion  of  carbonic  acid, 
ammonia,  and  water  by  baeteria,  as  end-products  in 
the  pror«»ss<'s  ()rd(>eomiM)sition  and  fcTmentation  of  dead 
animal  and  vep'table  tissues,  tiiat  the  demands  of  grow- 
ing v<*grtation  for  tln^si'  <'ompouuds  are  supplied. 

The  eliloropiiyll  plants  do  not  j>ossess  the  power  of 
obtaining  their  <'arbon  an<l  nitrogen  from  such  highly 
organiztMJ  and  complii'atcMl  sul)stanees  as  serve  for  the 
nutrition  of  bacteria,  and  as  the  production  of  the  simpler 
compounds,  carbon  dioxide  and  ammonia,  by  the  animal 
worhl  is  not  sullicicnt  to  m(»(»t  the  demands  of  the  chlo- 
rophyll plants,  the  importance  of  the  part  played  by 
ba<*tcria  in  making  up  this  dc^ficit  cannot  be  overesti- 
mated, \V<re  it  not  for  the  activity  of  these  microscopic 
living  en'aturcs  all  lite  u|)on  the  surface  of  the  earth 
would  cease.  l)eprive  higher  vegetaticm  of  the  carbon 
and  nitrogen  su|>pli(Ml  to  it  as  a  result  of  bacterial  ac- 
tivity, an<l  its  develo|)ment  comes  rapidly  to  an  end; 
rob  the  animal  kingdom  of  the  food-stuffs  supplied  to 
it  by  th(»  vegetable  world,  and  lift*  is  no  longer  pos- 
sil)l(\  It  is  plain,  therefore,  that  th(»  saprophytes,  which 
represent  the  largt^  majority  of    all  bacteria,  must  be 
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looked  apoD  in  the  light  of  benefactors,  without  which 
existence  would  be  impossible. 

With  the  parasites,  on  the  other  hand,  the  conditions 
are  fer  from  analogous.  Through  their  metabolic  activ- 
ities there  is  coiistantly  a  loss,  rather  than  a  gain,  to  both 
the  animal  and  vegetable  kingdoms.  Their  host  must 
always  be  a  living  body  in  which  exist  conditions 
favorable  to  their  development,  and  from  which  they 
appropriate  substances  that  are  necessary  to  the  health 
and  life  of  the  organism  to  which  they  have  found 
access ;  at  the  same  time  they  eliminate  substances  as 
products  of  their  nutrition  that  are  directly  poisonous 
to  the  tissues  in  which  they  are  growing. 

In  their  relations  to  terrestrial  life,  the  positions  oc- 
cupied by  the  two  functioiuilly  <lifferent  groups,  the  sup- 
rophj-tes  on  the  one  hand,  and  the  parasites  on  the  other, 
are  diametrically  opposite :  the  saprophytic  forms  stand  in 
the  relation  of  benefactors,  in  resolving  dead  animal  and 
vegetable  bodies  Into  their  component  parts,  which  serve 
as  food  for  living  vegetation,  an<l  at  the  same  time  they 
remove  from  the  surface  of  the  earth  the  remains  of  all 
dead  oi^nic  substances ;  while  the  parasitic  group  exists 
only  at  the  expense  of  the  more  highly  organized  mem- 
bers of  both  the  animal  and  vegetiible  kingdoms.  It  is 
to  the  parasitic  group  that  the  pathogenic'  oi^nisms 
belong. 

In  addition  to  the  saprophytes  that  are  concerned  in 
the  changes  to  which  allusion  has  just  been  made,  there 
exist  other  saprophytic  forms  wliose  life-processes  result 
in  specific  changes  of  most  interesting  and  important 
natures.   Some  of  these  are  eharact<'ri/.od  by  their  prop- 
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erty  of  producing  pigments  of  different  color  ;  these  are 
known  as  the  chromogenic  *  forms.  Just  what  is  their 
exact  role  in  nature  it  is  difficult  to  say ;  but  it  is  prob- 
able that,  in  addition  to  their  most  conspicuous  function 
of  color-production,  they  are  also  in  some  way  concerned 
in  the  omnipresent  process  of  disintegration  which  is 
constantly  going  on  in  all  dead  organic  substances. 
From  the  investigations  of  Beyerinck  it  would  seem 
that  in  some  of  these  chromogenic  forms  the  pigment 
is  an  integral  }iart  of  the  bacteria  themselves ;  in  others 
that  it  is  an  excretory  product  of  species  that  are  them- 
selves colorless ;  while  in  still  others,  that  it  is  an 
excretory  product  which  remains  intimately  associated 
with  the  bacterial  cells  and  in  part  or  wholly  stains 
them. 

Others,  the  so-called  photogenk  or  phosphorescent 
bacteria,  j)osscss  the  property  of  producing  light  or 
of  illuminating  the  medium  on  which  they  grow  by 
a  peculiar  phosphorescence.  These  are  found  in  sea- 
water  and  in  de(»omposing  i)li()sphorescent  fish  and 
meat. 

Still  others,  the  so-called  zj/mogenic  bacteria,  are  con- 
cerned in  the  various  ferinontations,  such,  for  instance, 
as  acetic-,  lactic-,  and  butyric-acid  fermentations ;  and 
many  of  the  industries,  such,  for  example,  as  those 
concerned  in  the  making  of  wine,  beer,  cheese,  butter, 
and  indigo,  are  more  or  less  directly  dependent  upon 
the  fermentation  that  accompanies  the  growth  of  pecu- 
liar species  of  bacteria  in  those  materials. 

Other  species  of  bacteria  liberate  in  the  course  of 
their  growth  soluble  })r()teolytic  ferments  or  (^nzymes, 
more  or  less  anal(><ro"s  to  ])epsin  and  trv])sin  in  their 

*  ('liroiimm'nic  :  possessing  the  property  of  i)rodiU'iiig  color. 
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action  upon  protcids ;  while  others  generate  ferments 
analogous  to  diastase  and  to  invertin :  the  former  con- 
verting starch  into  sugar,  and  the  latter  having  the 
power  of  converting  cane-  into  grape-sugar. 

The  naprogcnic  bacteria  are  thoae  that  produce  the 
particular  fermentation  that  we  know  as  putrefac- 
tion. 

Another  very  important  saprophytic  group  comprises 
the  so-called  nitrifying  and  denitrifying  bacteria,  whose 
activities  are  concerned  in  specific  forms  of  fermentation : 
the  former  oxidizing  ammonia  to  nitrous  and  nitric  acida ; 
the  latter  reducing  nitric  acid  to  nitrous  acid  and  am- 
monia. It  is  through  their  association  (symbiosis)  with 
the  nitrifying  bacteria  that  certain  plants,  the  legumi- 
nous, arc  enabled  to  make  v.\t  their  nitrogen  deficit  in 
part  from  the  free  nitrogen  of  the  air.  The  discovery 
of  this  phenomenon  gave  to  free  atmospheric  nitro- 
gen a  biological  significance  that  had  hitherto  been 
denied  it. 

The  so-called  thiogenic  bacteria  convert  sulphuretted 
hydrogen  into  higher  sulphur  compounds. 

Tlic  progress  of  many  forms  of  fermentation  and 
decomposition  is  accompanied  by  more  or  less  elevation 
of  temperature.  Tliis  is  seen  in  the  curing  of  manure, 
tobacco,  malt,  etc. 

As  stated,  bacteria  that  pro<lucc  disease  are  known 
as  pathogenic.  They  induce  disease  by  their  poisonous 
action  upon  the  tissues  in  which  they  are  located.  The 
materiais  of  which  certain  species  of  bacteria  are  con- 
structed, and  the  products  of  growth  of  certain  others, 
are  of  the  greatest  importance  in  their  relation  to  animal 
and  human  pathology.  Particular  species,  while  not  clim- 
bs Bolnble  poisons  as  a  product  of  metabolism,  are 
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nevertheless  themselves  t)uilt  up  of  poisonous  proteids,  or 
of  protcids  with  which  toxic  materials  are  so  intinrntely 
associated  that  tliey  can  only  be  isolated  by  the  most  re- 
finer) and  elalwratc  chemical  manipulations.  Others  pro- 
duce in  the  course  of  theirgrowth  soluble  [Miisons  that  can 
readily  be  separated  by  vcrj-  simple  methods  from  the  bac- 
teria that  produced  them.  The  protcid  matters  making 
up  the  bodies  of  many  species  of  bacteria,  even  those  not 
conspicuously  pathogenic,  have  been  shown  by  Buchner 
to  induce  disease  when  isolated  and  injected  into  the 
tissues  of  animals;  in  some  cases  causing  only  rise  of 
body-temperature,  in  others  acute  inflammatory  proc- 
esses with  pus-formation.  To  such  proteids  Buchner 
has  given  the  nume  bacterial  prohins. 

The  poisonous  soluble  products  of  bacterial  growth 
arc  severally  known  as  toxins,  (oxalbumins,  and  pto- 
maine: toxins  being,  in  general,  uuerystallizable  poisons 
of  whose  intimate  chemical  nature  little  or  nothing  is 
known;  toxalbumius  l>eing  those  that  jtartakc  of  the 
chemical  nature  of  albumins ;  while  ptomains  are  crj's- 
tallizable  products  of  ba(!t*;rial  at^tivity  which,  physically 
speaking,  are  analogous  to  the  ordinary  vf^'table  alka- 
loids. 

We  have  said  that  through  the  agency  of  chlorophyll, 
in  the  presence  of  sunlight,  the  green  plants  are  enabled 
to  obtain  the  amount  of  nitrogen  and  carlwn  which  is 
necessary  to  their  growth  from  such  simple  bodies  as 
carbon  dioxide  and  ammonia,  which  they  decompose 
into  their  elementiry  constituents.  The  Imctoria,  on 
the  other  litind,  (iwing  to  tlie  absence  of  <'blon)phyll 
from  their  tiMsiics,  do  not  possess  tlii:?  power.  They 
must,  therefore,  have  their  carbon   and    nitrogen  pre- 
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seated  as  such,  \a  the  form  of  decomposable  organic 
Eubetances. 

In  general,  bactena  obtain  their  nitrogen  most 
readily  from  soluble  albumins,  and  to  a  certain  extent, 
but  by  no  means  so  easily,  from  ^Its  of  ammonium.  In 
some  of  Nageli's  experiments  it  appeared  probable  that 
they  could  obtain  the  neco^isary  amount  of  nitrc^n 
from  inorganic  nitrates.  At  all  events,  he  was  able 
in  certain  cases  to  demonstrate  a  retiuction  of  nitric  to 
nitrous  acid  and  ultimately  to  ammonia.  Nevertlie- 
less,  in  all  of  these  experiments  circumstances  point  to 
the  probability  that  the  nitrogen  o))taincd  by  the  Ikic- 
teria  for  building  up  their  tissues  in  the  course  of 
their  development  was  derived  from  some  source 
other  than  the  nitric  acid  or  the  nitrites,  and  tliat  the 
reduction  of  this  acid  was  most  probably  a  secondary 
phenomenon.  It  must  be  Ixmicin  mind,  however,  tluit 
there  exists  a  specific  group  of  bacteriii,  the  nitrifying 
bacteria,  that  apparently  increase  and  multiply  without 
appropriating  proteid  nutrition.  They  arc  concenied 
in  the  particular  form  of  fermentation  tliat  results  in 
the  oxidation  of  anmionia  to  nitrons  and  nitric  acids,  a 
process  everywhere  in  progress  in  the  sujKrficial  layers 
of  the  soil. 

For  the  supply  of  cjirl)on  many  of  the  cjirl)on  com- 
pounds serve  as  sources  u}H>n  which  the  liactcria  can 
draw.  The  carlion  deficit,  for  example,  can  be  obtained 
from  sugar  and  bodies  of  like  r{)mpoBition  ;  from  f^lyo- 
erin  and  many  of  the  fatty  acids ;  and  from  the  alka- 
line salts  of  tartaric,  citric,  malic,  lactic,  and  acetic 
acids.  In  some  instances  carlion  compounds,  which 
when  present  in  conccntrate<l  form  inliildt  the  gri>wth 
of  bacteria,  may,  when  highly  diluted,  serve  as  nutri- 
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tion  for  them.     Salicylic  acid  and  ethyl  alcohol  are  of 
this  class. 

In  addition  to  carbon  and  nitrogen,  water  is  essential 
to  the  life  and  development  of  bacteria.  Without  it 
no  development  occurs,  and  in  many  cases  drying  the 
organisms  results  in  their  death.  Certain  species  and 
developmental  forms,  on  the  contrary,  though  incapable 
of  multiplying  when  in  the  dry  state,  may  be  com- 
pletely deprived  of  their  water  without  causing  them 
to  lose  the  power  of  reproduction  under  favorable  con- 
ditions. 

Closer  study  of  bacteria,  and  a  more  intimate  ac- 
quaintance with  their  nutritive  changes,  demonstrate 
an  appreciable  variability  in  the  character  of  the  sub- 
stances best  suited  for  the  nutrition  of  different  species ; 
one  requiring  a  tolerably  concentrated  form  of  nutri- 
tion, while  another  needs  but  a  very  limited  amount 
of  proteid  substance  for  its  development.  Certain 
of  them  bring  about  most  profound  alterations  in  the 
media  in  which  they  exist,  while  others  produce  but 
little  apparent  change.  In  one  case  alterations  in  the 
reaction  of  the  media  will  be  conspicuous,  while  in 
another  no  such  variation  cun  be  detected.  With  the 
growth  of  some  forms  products  resulting  from  specific 
processes  of  fermtintiition  apjK^ar.  Other  varieties  pro- 
duce poisons  of  remarkable  degrees  of  toxicity,  while  the 
growth  of  others  may  be  accompanied  by  the  evolution 
of  compounds  characteristic  of  putrefaction. 

In  considering  the  normal  development  of  bacteria 
we  must  not  lose  sight  of  the  fact  that  this  is  influenced 
both  by  th(»  cjuality  and  the  quantity  of  the  nutritive  mate- 
rials to  which  tliev  have  access,  and  bv  the  character 
of  the  products  that  accumulate  in  these  materials  as  a 
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result  of  their  vital  processes.  Nitrogen  and  carbon 
compounds  may  be  present  in  umount  and  kind  entirely 
suitable  to  normal  bacterial  growth,  and  yet  this  may 
be  checked,  after  a  comparatively  short  time,  by  the 
accumulated  products  of  bacterial  nictalmlism,  some  of 
which  possess  the  property  of  inhibiting  growth  and 
ultimately  of  even  destroying  the  bacteria.  The  most 
common  and  conspicuous  examples  of  the  inhibiting 
conditions  that  are  coincident  with  bacterial  growth 
are  alterations  in  the  chemical  reaction  of  the  matters 
in  which  the  bacteria  are  developing. 

Since  the  majority  of  them  grow  best  in  media  of  a 
neutral  or  very  slightly  alkaline  reaction,  any  exces- 
sive development  of  alkalinity  or  acidity,  as  a  result 
of  growth,  arrests  development,  and  no  evidence  of 
life  or  further  niulti plication  can  be  detccte<l  until  this 
deviation  fr()m  the  neutral  reaction  has  been  corrected. 

Of  considerable  iinjwrtance  and  interest  in  the  study 
of  the  nutritive  changes  of  bacteria  is  the  difference  in 
their  relation  to  oxygen.  For  certain  species  free  oxy- 
gen is  essential  to  the  proper  performance  of  their 
functions  ;  in  another  group  no  evidence  of  life  <'an  be 
detected  under  its  oecciis;  while  in  a  thin!  group  oxy- 
gen appears  to  play  but  an  unimportant  rule,  for  de- 
velopment occurs  as  well  with  as  without  it.  It  was 
Pasteur  who  first  demonstrated  the  existence  of  partic- 
ular species  of  iracteria  which  not  only  gn»w  iind  multi- 
ply and  perform  definite  physiological  funi-tions  with- 
out the  aiil  of  free  oxygen,  but  to  the  existence  of  which 
it  is  positively  harmful.  To  these  he  gave  tlio  name 
anaerobic  bacteria,  in  eontrndisliiietion  to  the  iii'-rofth 
group,  for  the  projwr  jwrformance  of  ^vhose  functions 


4n 


BACTERIOIJiOY. 


ii\\\H'n  is  cssintiul.  In  addition  to  these  there  is  a 
tliird  Kr<)ii|>,  for  the  niuintt-iuinco  of  wht^c  existence  the 
iibsciK-i'  or  jin-scnct'  of  oxygon  is  appareotly  of  do 
nionu'iil — <lcv('Io|iinoiil  ]migrcsscs  ha  well  with  aa  with- 
m\i  it ;  thi-  nicnilHTs  of  thic  gniiip  ct)niimse  the  class 
known  ht  jiimlluUrf  in  their  n'tiition  to  this  gas.  It  is 
I"  this  liiinl  t;iiiii]>,  the  facnltuttve,  tliiit  the  majority  of 
Ixirlcriik  hrliin;;.  Sintv  all  f;n)\viiig  hacteria,  anaerobic 
iiH  \\A\  HH  HtU-ohic,  nciH-nite  <'iirhonic  acid  in  the  course 
of  their  di>vi-l<)]iini'nt,  it  i;*  evident  that  oxyp-n  must 
in  reality  be  ohiniiK-d  hy  them  fnini  M>nio  isonrce,  and 
nniMt  Ih'  recanted  as  e.sM'iilial  to  tlieir  lifi'-processes ; 
hilt  the  niiuimr  in  wliieh  it  is  !i]i|ini]iri:itKl  hy  them 
Viu'ies,  ihe  ael^Jllie  s|M'eies  lakin;;  it  fniin  tile  air  as  free 
oxvjr'ii,  ^^hi^'  the  anaenihic  s|ieei<'fi,  not  jKis^ifned  of 
ihin  [Hiwer,  oKlaIn  il  thnm^ih  the  deeoin))osition  of  more 
or  leKH  MiiUle  oxypn-eonlainin^  eoin|M)nnils. 

'ri jrh  llie  ninlti]ilii-aiioii  ..f  the  faenliative  varieties 

it  iiol  inhrlind  wiili  liy  lither  Ihi-  pn'senei-  orab^nce 
of  five  iixypii.  yei  e\[ierinieiits  [h'nion>tr.ile  tliat  the 
|ii'<Nhi<'t»  of  llnir  jri'-.wtli  1111'  ditVinnI  niider  thovarj-ing 

eoiidilioii^  i>f  iihs <■  or  |ii-.Min-e  .if  this  ^pis.      For  ex- 

iiin|>le  :  ii>  the  i-um-  of  eerlain  nl'  tlu'  ehronionenie  forms 

ihi-  (in-eii ir  aliseiiee  of  oxyp'ii  has  a  very-  (k>cidecl 

ediei    upon   the  piiidnelioti   of  the   pif:nients  by   which 


iitvw.     (  HiHervi-  the  dilfen-nee  lH-fwe<n  the  intt-nsity 
'oliir  |in>(hi«c(l  ii|Hiii  the  Hnrfiicc  of  the  ine«)iimi  and 
r  l)ii<  tnU'k  of  llir  n<'<->l1e  in  stab-.'iitlurt\a  of 
"tllfttt^j^  of  ^pirit/uui    ruhmm.      In  the 
IBHOTltly  H  pn"lii.i  deiwrident 
,  whilti  in  the  hitter  the 
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greatest  intensity  of  color  occurs  at  tlie  poiut  furthest 
removed  from  the  action  of  oxygen. 

Another  factor  which  plays  a  highly  important  part 
in  the  biological  functions  of  these  organisms  is  the 
temperature  under  which  they  exist.  The  extremes  of 
temperature  between  which  the  majority  of  bacteria  are 
IcnowQ  to  grow  range  from  5.5°  to  43°  C  At  the 
fonner  temperature  development  is  hartlly  appreeiahlc ; 
it  becomes  more  and  mon^  active  until  38°  C.  Is  reached, 
when  it  is  at  its  optimum,  and,  as  a  rule,  ceases  at 
43'^  C  ;  though  species  exist  that  multiply  at  as  high 
a  temperature  as  70°  C.  and  others  at  as  low  as  0°  0. 
The  studies  of  Globig,'  Miijucl,'  and  Macfadyen  and 
Bloxall '  have  demonstrated  that  there  exist  in  the  soil, 
in  water,  in  fieces,  in  sewage,  in  <lust,  and,  in  fact,  prac- 
tically everywhere,  bacteria  that  under  artificial  culti- 
vation show  no  evidence  of  life  at  a  temperature  lower 
tlian  60°  to  65°  C,  and  will  even  grow  at  as  high 
a  temperature  as  70°  to  75°  C,  degrees  of  heat  suffi- 
cient for  the  coagulation  of  albumin!  Rabinowltsch* 
has  likewise  doscrlbod  a  number  of  species  of  these 
thermophilic  bacteria,  as  they  are  calletl ;  hut  states  that 
it  was  pos.sible  in  her  experiments  to  obtain  evidence 
of  their  growth  at  a  lower  temperature  (.'!4°  to  44°  C), 
as  well  as  at  the  higher  temperature  mentioned  by  pre- 
ceding investigators. 

The  most  favorable  temperaturt^  fur  the  development 
of  patht^nic  bacteria  is  that  of  the  human  hotly,  viz., 

>  Globig :  ZeitBchrirt  filr  HyRiene.  Bd.  iii.  K  •Sli. 
■  Hiqael :  ADoaleii  do  Mii-roKra]>hio,  ISKS,  pp.  i  lo  10. 

*  Hacfodf  en  and  Bloxall :  Journal  nf  Path,  and   Kact,.  ml.  jj[,  ]inrt  i. 

*  Babinowitfich ;  Ze'itachrin  fur  Uj-^ene  u.  Infectiuuskiaukhuitca. 
M.  zs.  Heft  1,  8.  154  to  164. 
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37.5°  C.  There  are  a  nural)er  of  bacteria  commonly 
present  in  water,  the  so-called  normal  water  bacteria, 
that  grow  best  at  about  20°  C. 

Under  natural  conditions  it  frequently  occurs  that 
the  development  of  one  species  or  group  of  species  of 
bacteria  is  directly  dependent  upon  the  functional  ac- 
tivities of  another  totally  distinct  species,  the  growth  of 
one  group  resulting  in  conditions  that  are  of  vital  im- 
portance to  the  existence  of  the  other.     This  interde- 
p(»n(lence  of  species  is  known  as  ^fywiiicww.  It  is  observed, 
for    instance,   in   the   course    of   putrefaction,   where, 
through   exhaustion   of    free   oxygen   by  the   actively 
germinating  aerobic  varieties,  the  conditions  are  sup- 
plied that  enable  the  anaerobi(^  species  to  develop  and 
exorcise  their  biological  activities.     Agaiu,  through  the 
proteolytic   activity  of  enzymes   produced   by  certain 
s])eei(\s  of  ba(»toria,  other  s])ecies  are  supplied  with  nu- 
triticm  that  wouM  otluTwise  be  unassimilable  or  only 
imnorfectiv  so.      Similar  svnibiotic  relations  between 
bacteria  and  higher  plants  are  also  noticed,  notably  that 
between  certain  ba^'toria  of  the  soil  and  the  group  of 
leguminous    plants,    whereby    the    latter  are    enabled, 
through  the  assistance  of  the  former,  to  make  up  their 
nitrogen  <lefieit  in  large  part  from  the  free  nitrogen  of 
the  atmosphere.     (See  page  »)5.) 

Another  interesting  bioloi^ieal  i)eeuliarity  of  bacteria 
is  that  discovered  bv  Pleffer,  known  as  chnnoiaxiH,  This 
term  indicates  peculiar  phenomena  of  attraction  and  of 
repulsion  that  are  exhibited  by  motile  bacteria  when  in 
tlu*  pr(\sence  of  solutions  of  bodies  of  various  chemi- 
cal com|>osition.  Thus,  for  instance,  when  a  neutral 
fluid  (a  drop  of  water)  containinjLr  motile  bacteria  is 
brought  in  contact  with  a  weak  solution  of  either  pep- 
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tone,  sodium  chloride,  or  dextrin,  the  bacteria  are  at 
once  attracted  toward  the  solution  ;  this  plienoinemm  is 
dc3ignat«.-d  "  positive  chemotaxis."  On  tlie  other  hand, 
if  brought  in  contact  with  an  acid,  an  alkaline,  or  an 
alcoholic  solution,  tlie  bacteria  arc  repelled  or  driven 
from  the  point  at  which  the  two  fluids  are  difTuslng; 
this  phenomenon  is  designated  "  negative  chemotaxis." 
In  thiij  connection  it  is  important  to  note  that  the  wan- 
dering cells  of  the  animal  body,  the  leucocytes,  exhibit 
also  these  chemotactic  phenomena ;  and  it  is  especially 
necessary  to  a  complete  comprehentiion  of  the  process 
of  suppiiratiou  to  bear  in  mind  that  among  the  sub- 
stances which  have  the  greatest  attniction  for  tliese 
wandenng  cells,  are  the  products  of  growth  of  certain 
bacteria  in  some  cases,  and  the  protoplasmic  constit- 
uents of  the  bacteria  themselves  in  others. 

From  what  has  l>een  learne<l,  it  may  be  said,  in 
general,  that  for  the  gn)wth  and  development  of  bacteria 
oi^uic  matter  of  u  nentrul  or  slightly  alkaline  reaction, 
in  the  presence  of  moisture  and  at  a  suitaiile  tempera- 
ture, is  necessary.  From  this  can  be  formed  some  idea 
of  the  omnipresence  in  nature  of  these  minute  vegetiible 
forms.  Wherever  these  conditions  obtain  bacteria  may 
be  found. 


CHAPTER    II. 

Morphology  *  of  bacteria — Grouping — Mode  of  Maltiplicatioii — Spore- 
formation — Motili  ty . 

In  structure  the  bacteria  are  unicellular,  always  de- 
veloping from  pre-existing  cells  of  the  same  character 
and  never  appearing  spontaneously.  They  are  seen  to 
occur  as  spherical,  rod-  and  spiral-shaped  bodies  that 
multiply  by  the  simple  process  of  transverse  division, 
belonging,  therefore,  to  the  schizomycetes  or  fission 
fungi. 

The  cla,ssifications  of  the  older  authors  and  of  the 
botanists  being  usually  upon  purely  morphological  pecu- 
liarities, and,  as  a  rule,  taking  into  consideration  all  the 
slight  variations  that  are  seen  to  occur  in  the  size  and 
shape  of  one  and  the  same  species,  and  of  closely  allied 
species,  are  more  or  less  complicated.  The  present 
tendency  is  to  simplify  this  morphological  classification, 
and  to  distribute  the  bacteria  into  three  great  groups, 
with  their  subdivisions,  the  members  of  each  group 
being  identified  by  their  individual  outline,  viz.,  that 
of  a  sphere,  a  rod,  or  a  spiral.  To  these  three  grand 
divisions  are  given  the  names  cocci  or  micrococci^  bacilli, 
and  spirilla. 

In  the  group  micrococci  belong  all  spherical  forms — 
t.  e.,  all  those  forms  the  isolated  individual  members 
of  which  are  practically  of  the  same  diameter  in  all 
directions.     (Sec  Fig.  1,  a,  A,  c,  dy  c.) 

*  Morphology  :  pertaining  to  shape,  outline,  structure. 
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The  bacilli  comprise  all  oval  or  rod-formed  bacteria. 
(See  Fig.  2.) 


0.  staphylococci.    6,  Streptococci,    e.  DIjilo 
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ftirnn  nnil  spirals,  i,  Ths  forms  known  a»  Bpirocha^tfl.  <^.  Tlic  thick  splmls 
■ometimoi  known  as  vLbiios. 
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To  the  sjnriUa  belong  all  organisms  that  are  curved 
when  seen  in  short  segments,  or  when  in  longer  threads 
are  twisted  in  the  form  of  a  corkscrew.     (See  Fig.  3.) 

The  micrococci  are  subdivided  according  to  their  pre- 
vailing mode  of  grouping,  as  seen  in  growing  cultures, 
into  siaphylococci — those  growing  in  masses  like  clusters 
of  grapes  (see  Fig.  1,  a) ;  streptococci — ^those  growing  in 
(chains  consisting  of  a  number  of  individuals  strung 
tog(;ther  like  beads  uj)on  a  string  (see  Fig.  1,  6) ;  diplo- 
cocci — those  growing  in  jiairs  (Fig.  1,  c) ;  tetrads — those 
developing  as  fours  (Fig.  1,  d) ;  and  sarcince — ^those 
dividing  into  fours,  eights,  etc.,  as  cubes — that  is,  in 
contradistinction  to  all  other  forms,  the  segmentation, 
which  is  rarely  complete,  takes  place  regularly  in  three 
directions  of  space,  so  that  when  growing  the  bundle  of 
segmenting  cells  i>resents  somewhat  the  appearance  of  a 
bale  of  cotton  (Fig.  1,  r). 

To  the  bacilli  belong  all  straight,  rod-shaped  bacteria 
— /.  e,,  those  in  which  one  diameter  is  always  greater 
than  the  other. 

Fig.  4. 

'X\  ^t  >>.  Yr 


a  bed 

a.  Baril Ins  subtilis  with  spores,  h.  Bacillus  nnthrncis  with  spores,  c.  Clos- 
tridium form  with  siK)rcs.    d.  Bacillus  of  tetanus  with  end  spores. 

Tn  this  group  are  found  those  organisms  the  life- 
cycle  of  many  of  which  presents  deviations  from  the 
simple  ro(l-sha|)e.  Many  of  them  in  the  course  of 
developnunt  increase  in  length  into  long  threads, 
along  whi<'h    traces  of  segmentation    may   usually  be 
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found — the  anthrax  bacillus  and  l>airinim  subtilis  are 
conspicuous  examples  of  this.  Again,  under  certain 
conditions,  many  of  them  possess  tlie  proj^rty  of  form- 
ing within  the  body  of  the  rods  oval,  glistening  spon'S 
(see  Fig.  4),  and,  if  tlie  conditions  are  not  altered,  the 
rods  may  entirely  disappear  and  nothing  be  left  in 
the  culture  but  these  oval  spores.  In  some  of  tliem 
this  phenomenon  of  spore-formation  is  accompanied  by 
an  enlai^ment  or  swelling  of  the  bacillus  at  the  point 
at  which  the  spore  is  located  (see  Fig.  4,  c  and  ti). 
Again,  many  of  them,  from  unfavonihle  conditions  of 
nutrition,  aeration,  or  temperature,  undergo  pathological 
changes — that  is,  the  individuals  themselves  experience 
d^eneration  of  their  protoplasm  with  coincident  dis- 
tortion of  their  outline;  they  are  then  usually  referred 
to  as  "involution-forms"  (see  Fig.  5,  a  and  b).     In 
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all  of  these  conditions,  however,  »o  lonfr  as  dcatli  has 
not  occurred,  it  is  passible  to  «ni,«c  these  forms  to 
revert  to  the  typical  nxls  from  which  they  originated, 
by  the  renewal  of  the  conditions  j'avonihle  to  their  nor- 
mal vegetation. 

It  must  be  borne  in  mind,  though,  that  it  is  never 
possible  by  any  means  to  i)ring  about  changes  in  these 
or^nisms  that  will  result  in  the  permanent  conversion 
of  the  morphologj'  of  the  members  of  one  group  into 
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that  of  another — that  i.«,  one  can  nover  produce  baotlH 
from  micrococci,  nor  vim  rcrsn  ;  anc!  any  e\'idcnce  which 
may  be  prceentetl  to  the  contrary  is  bused  upon  untrust' 
worthy  methods  of  obsor\'ation. 

Not  infreqiipnily  liacteria  may  be  observed  irrepniarly 
maBscd  together  as  a  pellicle.  When  in  tliis  oonditinD 
they  arc  liold  tf^'tliiT  by  a  gelatinous  material,  and  are 
known  ns  zwrghro  of  hndcria.     (Sec  Fig.  6.) 


ZnufilaiL  or  bacilli. 

Very  short  oval  b:icilli  may  sometimes  be  mistaken 
for  micrococci,  and  at  times  mioroeocei  in  the  »tngc  of 
flegmentation  into  diploeoeci  may  he  mistak<^n  for  sliort 
bacilli ;  but  by  winfnl  insiieetion  it  will  always  be 
possible  to  detect  a  continnons  ontlinc  alnnff  the  sides 
of  the  former,  and  a  .slifjht  transverse  indentation  or 
partition-fomiatinn  hetwwn  the  sejjments  of  the  latter. 
The  high  indf.\  of  n'fmcfion  of  upores,  the  property 
which  gives  to  them  their  glii^tening  np]H<:iRinee,  will 
always  serve  to  distinguish  tliem  fr«mi  micnjcocci.  This 
difference  in  refraction  isemieciallynoticcabloif  the  illn- 
mination  of  the  micnoeoite  be  reduced  to  the  smallest 
possible  bundle  of  light-rays.  The  spores,  nmn'over, 
take  up  staming-KOgents  much  le&s  readily  than  do 
The  most  reliable  differential  pointu, 
!  iafnllihle  properties  |«isfiessed  by  the 
t  into  bacilli,  and  by  the  spherical 
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organism  with  which  they  may  liave  been  confounded 
of  always  producing  other  micrococci  of  the  same  round 
form. 

A  convenient  classification  of  bacilli  is  that  based 
upon  constant  characteristics  wiiich  are  seen  to  ap- 
pear in  the  course  of  their  development  under  spe- 
cial conditions — certain  of  them  possessing  the  power 
of  forming  spores,  while  from  others  tliis  peculiarity 
is  absent 

We  have  less  knowledge  of  the  life-history  of  the 
spiral  forms.  EGTorts  toward  their  cultivation  under 
artificial  conditions  have  thus  far  been  successful  in 
only  a  comparatively  limited  number  of  cases.  Mor- 
phologically, they  are  thread-  or  rod-like  bodies  which 
are  twisted  into  the  form  of  spirals.  In  some  of  them 
the  turns  of  the  spiral  are  long,  in  others  ^uite  short. 
They  are  motile  and  multiply  apparently  by  the  simple 
process  of  fission,'  In  most  respects,  save  form  and 
the  property  of  producing  spores,  they  are  analogous  in 
their  mode  of  growth  to  the  bacilli. 

The  micrococci  multiply  by  simple  fission.  When 
development  is  in  progress  a  single  cell  will  be  seen  to 
elongate  slightly  in  one  of  its  diameters.  Over  the 
centre  of  the  long  axis  thus  formed  will  appear  a  slight 
indentation  in  the  outer  envelope  of  the  cell ;  this  inden- 
tation will  increase  in  extent  until  there  exist  eventually 
two  indivi<luals  which  are  distin<'tly  spherical,  as  was 
tlic  parent  frtmi  which  th<;y  sprang,  or  they  will  remain 
t<^thcr  for  a  time  as  diplococci ;  the  surfaces  now  in 
juxtaposition  arc  f1attcnc<l  against  one  another,  and  not 
infrequently  a  fine,  pale  ilivi<ling-line  may  be  seen 
I  Dividiiig  into  tnu  IraQaveraclj. 
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between  thi-  two  cells,  {See  Fig.  1,  c  and  rf.)  A  similar 
divtsion  in  the  utiitr  dircclioa  will  oow  result  in  the 
fonnation  of  groups  of  fours  iis  tetrads. 

In  the  fomiatioa  of  staphylococci  such  division  occurs 
irr^ilarly  in  all  diit^tions,  resnltiog  in  the  pn^uctirai 
of  tile  clusters  in  which  these  organisms  are  commonly 
Been.  (See  Fig.  1,  ri.)  With  the  streptococci,  however, 
the  tendency  is  for  the  segm eolation  lo  continue  in  one 
dtrecliuD  only,  resulting  in  the  production  of  long  chains 
of  4,  8.  and  12  individuals.     (8ee  Fig.  1,  A.) 

The  sarcttice  divide  more  or  less  re^ilarly  in  three 
directions  of  t'j)ace  ;  but  instead  of  becoming  separated 
the  one  from  the  other  as  single  cells,  the  tendency  is 
for  the  ACgmentatian  to  l>e  incomplete,  the  cells  remain- 
ing together  in  masses.  The  indentations  iipfm  these 
mosses  or  cubes,  which  indicate  the  point  of  incomplete 
fission,  give  to  these  bundles  of  cells  the  appearance 
commonly  ascribed  to  them — that  of  a  bale  of  cotton 
or  a  packet  of  rags.     (See  Fig.  1,  f.) 

The  multiplication  of  bacilli  is  in  the  main  simitar  to 
tliat  given  for  the  micrococci.  A  dividing  cell  will  elon- 
gate slightly  in  the  direction  of  its  long  axis  ;  an  inden- 
tation will  appear  ulioiit  midway  between  it?  poles,  ami 
will  become  deeper  ami  deeper  until  eventually  two 
daughter-cells  will  be  formed.  This  pnK»css  may  occur 
in  such  a  way  that  the  two  young  bacilli  will  adhere 
together  by  their  adjacent  en<ls  in  much  the  same  way 
that  sausages  are  seen  to  1h'  held  tf^thor  in  strings 
(Fig.  2,/),  or  the  segmentation  may  take  pWv  more 
at  right  angles  to  the  long  axis,  so  that  the  proximal 
emls  of  the  yoiiiig  wWn  an-  llutlriicd.  while  the  distal 
extremities  may  be  tvundetl  or  slightly  pointctl  (Fig. 
"    '      The  segmenlatJun  of  the  anthrax  lucillus,  with 
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which  wc  arc  to  become  acquaiDteil  later,  results,  when 
completed,  in  an  indentation  of  the  ailjucent  extrem- 
ities of  the  young  segments,  so  that  by  the  aid  of 
high  magnifying  jwwerH  these  surfaces  are  seen  to  be 
actually  eoncave.     Baeilli  never  divide  longitudinally. 

With  the  spore-forming  bacilli,  under  favorable  con- 
ditions of  nutrition  and  temperature,  the  same  is  seen 
to  occur  during  vegetation ;  but  as  soon  as  these  condi- 
tions become  altered  by  the  exhaustion  of  nourishment, 
the  presence  of  detrimental  substances,  imfavorable 
temperatures,  etc.,  there  appears  in  their  life-cycle  the 
stage  to  which  we  have  referred  aa  spore-formation. 
This  is  the  process  by  which  the  oi^nisms  are  enabled 
to  enter  a  state  in  which  they  resist  deleterious  influ- 
ences to  a  much  higher  degree  than  is  possible  for  them 
when  in  the  growing  or  vegetative  condition. 

In  the  spore,  resting,  or  permanent  state,  as  it  is  vari- 
ously called,  no  evidence  of  life  whatever  is  given  by  the 
spores ;  though  as  soon  as  the  conditions  which  favor 
their  germination  have  been  renewed  these  spores  de- 
velop again  into  the  same  kind  of  cells  as  those  from 
which  they  originated,  and  the  appearances  observed  in 
the  vegetative  or  growing  stage  of  their  history  are 
repeated. 

Multiplication  of  spores,  as  such,  does  not  occur ;  they 
possess  the  power  of  developing  into  individual  rods  of 
the  same  nature  as  those  from  which  they  were  formed, 
ftwi  nof.  nf  giving  vine  to  a  direct  reproduction  of  nporeg. 

Wlien   the   conditions  which   favor  spore-formation 

present,  the  protoplasm  of  the  vegetative  cells  is  seen 

I  to  nndergo  u  change.     It  loses  its  normal  homogeneous 

I  apppanince  and  liccomes  marked  by  granular,  refractive 

points  of  irregidiir  shape  and  size.     These  eventually 
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coalesce,  leaving  the  remainder  of  the  cell  clear  and 
transparent.  When  this  coalescence  of  highly  refrac- 
tive particU»s  is  complete  the  spore  is  perfected.  In 
appearance  the  spore  is  oval  or  round,  and  very  highly 
n^fractive — glistening.  It  is  ejisily  differentiated  from 
the  remainder  of  the  cell,  which  now  consists  only 
of  a  cell-membrane  and  a  transparent,  clear  space 
which  surrounds  the  spore.  Eventually  both  the  ccU- 
menibrane  and  its  fluid  contents  disapi)ear,  leaving  the 
oval  spore  free ;  it  then  gives  the  impression  of  being 
surrounded  by  a  dark,  sharjily  defined  border.  It 
evinces  no  motion  other  than  the  mechanical  tremor 
common  to  all  insoluble  microscopic  particles  suspended 
in  fluids,  and  it  remains  quiescent  until  there  appear  con- 
ditions favorable  to  its  subsi^quent  development  into  a 
vegetative  form  similar  to  that  from  which  it  originated. 
Occasionally  the  membrane  of  the  vegetative  cell  in 
which  the  spore  is  formed  does  not  disappear  from 
around  it,  and  the  siK)re  may  then  be  seen  lying  in  a 
very  delicate  tubular  envelope.  Now  and  tlien,  rem- 
nants of  the  envelope  may  be  notice<l  adhering  to  a 
spore  which  has  not  yet  l)ecome  completely  free. 

By  the  ordinary  niethmls  of  staining  spores  do  not 
become  colored,  so  that  they  appear  in  the  stained 
cells  as  pale,  transparent,  oval  bcKlies,  surrounded  by 
the  remainder  of  the  coll,  which  has  taken  up  the  dye. 

A  single  c<*ll  imxluces  but  one  spore.  This  may  be 
located  eitluT  at  an  extremity  or  in  the  centre  of  the 
cell.     (Fig.  4.) 

0(»casionally  sjK)re-f(>rniation  is  accompanied  by  an 
enlargement  of  the  vA\  at  the  point  at  which  the  proc- 
(»ss  is  in  ])n)^ress.  As  a  result,  the  outline  of  the  cell 
loses  its  regular  rod  shape  and  becomes  that  of  a  club, 
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a  drum-stick,  or  a  lozenge,  dcjiending  upon  wlietlier 
the  location  of  the  s[K>re  \&  to  be  at  the  pule  or  in  the 
centre  of  the  cell,     (See  Fig.  4,  e  and  rf.) 

In  addition  Ui  the  property  of  spore- formation  there 
is  another  striking  difference  between  various  Hi»eciea 
of  the  rod-shaped  ot^uisnis,  namely,  the  property 
of  motility,  by  which  some  of  them  are  distinguished. 
Thi3  power  of  motion   is  due  to  very  delicate,  hair- 


o.  apirsl  tonan  with  a  fla«elliim  at  only  one  rnH.  h.  Bncillufl  of  typhoid 
ftver  with  flagullii  Rivfii  olt  from  nil  atdi^a.  f.  iJime  sr>lraU  frcim  etaenant 
water  with  vrlspa  or  flagclta  al  their  cniln  (fpirillmu  aiulul-i). 


like  appendages  or  flagolla,  by  the  lashing  motions  of 
which  the  rods  possessing  tiiem  arc  propelled  through 
the  fluid.  In  some  cases  the  flagolla  are  located  at 
but  one  end  of  a  bacillus,  either  singly  or  in  a  buneli ; 
again,  they  may  be  seen  at  l)oth  poles ;  and  in  some 
cases,  especially  with  the  bacillus  of  typhoid  fever,  they 
are  given  ofiF  from  the  whole  surface  of  the  rod.  (See 
Fig.  7.)  In  a  few  instances  similar  locomotive  organs 
have  been  detected  on  spherical  bacteria — i.  c,  motile 
micrococci  have  been  observed. 

For  a  long  time  this  property  of  indept'udent  motion 
was  assumed  to  be  due  to  the  possession  of  some  such 
form  of  locomotive  apparatus,  becanse  similar  appendages 
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harl  been  se^rn  uprfo  s«>iiieof  the  large,  modle  spirilki  ftwind 
in  ••tagiiaDt  water,  but  it  was  iK*t  until  necently  that  the 
a/.-irrunu.'y  of  thLr  ase^uniption  was  actually  demiiiistnted. 
Ky  a  -pe^.-ial  method  of  staining  Loffler  has  been  able, 
in  a  nimiljer  of  cases,  tf»  rentier  visible  these  hair-like 
appen^lagf-s.  His  nieth«id  consists  in  the  employment 
of  a  rnorrlant,  by  the  aid  of  which  the  flagella  are  caused 
t/i  nrtain  the  staining  and  thus  become  visible.  Lof- 
tii'Yn  metho'l  of  staining  will  be  found  in  the  chapter 
devot'^1  to  this  part  of  the  technique. 


CHAPTER    III. 


Principles  of  atcriliKatiuD  by  heat — MethoilA  cmpNiyed — DiBuoDtinued 
Bteriliuitioti— Steriltiatioo  under  pressure — Apparatus  enipluyed — 
Ctiumical  diBiiifectiun  und  Bb-rilimtiiiD. 

Of  fundamental  importance  to  Bticcessfnl  bacterio- 
l(igical  manipulations  arc  acquaintance  with  the  prin- 
ciples underlying  the  methods  of  steriliziition  and  dis- 
infection, and  familiarity  with  the  approved  methods 
I  of  applying  these  principles  in  practice, 

In  many  laboraturies  it  is  customary  to  employ  the 
term  sterilization  for  the  dcstniction  of  bacteria  by  heat, 
and  the  term  disinfection  for  the  accomplishment  of  the 
same  end  through  the  nse  of  chemieal  agents.  This 
distinction  in  the  use  of  the  terras  is  not  strictly  correct, 
3  we  sluill  en(Ieav()r  to  explain. 
The  lahoratoiy  application  uf  the  word  sterdization  for 
the  destrnction  of  bacteria  by  high  tenipemtnrea  pnib- 
■  ably  arose  from  the  circumstance  tliat  culture-media, 
^and  certain  other  articles  that  it  is  desirable  to  ren- 
i^p  absolutely  free  from  bacterial  life,  are  not  treated 
fay  chemical  agents  for  this  purixtse,  but  are  exposed  to 
■  influence  of  heat  in  various  forms  of  apparatus 
Jtnown  as  sterilizers;  and  the  process  is,  therefore, 
known  as  sterilization.  On  the  other  hand,  cultures 
}  longer  useful,  hits  of  infecte^l  tissue,  and  apparatus 
^"enerally  that  it  is  desirable  to  render  free  from  danger, 
e  commonly  subjected  for  a  time  t«  the  action  of  chem- 
I  compounds  possessing  germicidal   properties — ?'.  e., 
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to  the  action  of  disinfectants ;  and  the  process  is,  there- 
fore, known  as  disinfection,  though  the  sjime  end  can 
also  be  reached  by  the  application  of  heat  to  these  arti- 
cles. Strictly  speaking,  sti^rilization  implies  the  com- 
plete destruction  of  the  vitality  of  all  micro-organisms 
that  may  be  present  in  or  ujjon  the  substance  to  be 
sterilized,  and  can  be  accomplished  by  the  proper  appli- 
cation of  both  thermal  and  chemical  agents ;  while 
disinfection,  though  it  may,  need  not  of  necessity,  in- 
sure the  destruction  of  all  living  forms  that  are  present, 
but  only  of  those  possessing  the  power  of  infecting;  it 
may  or  may  not,  therefore,  be  complete  in  the  sense  of 
sterilization.  From  this  we  see  it  is  possible  to  accom- 
plish both  sterilization  and  disinfection  as  well  by  chemi- 
cal as  by  thermal  means. 

In  practice  the  employment  of  these  means  is  gov- 
erned by  circumstances.  In  the  laboratory  it  is  essen- 
tial that  all  culture-media  with  which  work  is  to  be 
conducted  should  be  free  from  living  bacteria  or  their 
spores — they  must  be  sterile ;  and  it  is  equally  impor- 
tant that  their  original  chemical  composition  should 
remain  unchanged.  It  is  evident,  therefore,  that  ster- 
ilization of  these  substances  bv  means  of  chemicals  is 
out  of  the  question,  for,  while  the  media  coiihl  be  thus 
sterilized,  it  would  be  necessary,  in  order  to  accomplish 
this,  to  add  to  them  substances  capable  not  only  of  de- 
stroying all  micro-organisms  ])r('sent,  but  whose  pres- 
ence would  at  the  same  time  prevent  the  growth  of 
bacteria  that  are  to  he  subsequently  cultivated  in  these 
media — that  is  to  say,  aft<T  perforin inir  their  sterilizing 
or  germicidal  iuiirtion  the  chcinical  disinfectants  would, 
by  their  further  j)resence,  exhibit  their  (fitfiscpfic  prop- 
erties and  thus  render  the  material  useless  as  a  culture- 
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medium.  Exceptions  to  tliis  are  seen,  however,  in  the 
case  of  certain  volatile  Huhstances  [wssessing  disinfect- 
ant  powers — chlorofonn  and  ctlier,  for  iuHtuncc ;  these 
bodies,  after  exhibiting  their  germicidal  activities, 
may  be  driven  off  by  gentle  heat,  leaving  the  media 
quite  suitable  for  puqwises  of  cultivation.  Tliey  are 
not,  however,  in  general  use  in  this  capacity. 

The  circumstances  under  which  cluTnU-al  sterilization 
or  disinfection  is  practised  in  the  laboratory  are,  ordi- 
narily, either  those  in  which  it  i.'^  desirable  to  render 
materials  free  from  danger  that  are  not  affected  by  the 
chemical  action  of  the  agents  used,  such  as  glass  appa- 
ratus, etc.,  or  where  destructive  changes  in  the  compo- 
sition of  the  substances  to  be  treat<-d,  as  in  the  case 
of  old  cultures,  infected  tissues,  pathological  exudates, 
fieces,  etc.,  are  a  matter  of  no  eonseiiuence.  On  the 
other  hand,  for  the  sterilization  of  all  materials  to  be 
used  as  culture-media  heat  only  is  employed,' 

The  two  processes  will  be  explained  in  this  chapter, 
beginning  with 
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Sterilization  by  means  of  high  temperature  is  accom- 
plished in  several  ways,  viz.,  by  subjecting  the  articles 
to  be  treated  to  a  high  temperature  in  a  properly  con- 
structed oven — this  is  known  as  flrv  sferilization ;  by 
subjecting  them  to  the  action  of  streaming  or  live  steam 
at  the  temperature  of  100°  C. ;  and  by  subjecting  them 
to  the  action  of  steam  under   pressure,  under  which 

le  of  chloroform,  mentioned 


F 

^P  circumstance  the  temperature  to  which   they  are  ex- 

B  posed  bet^omes  more  aud  more  elevated  as  the  pressure 
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Experience  haB  taught  us  that  the  process  of  eter- 
iliKation  hy  dry  heat  is  of  limitml  application  becaase 
of  its  many  disadvantages.  For  succesfiful  sterilization 
by  the  method  of  drj-  heat  not  only  is  a  relatively 
high  tfimperatiire  essential,  but  tht'  substances  under 
treatment  must  be  exposed  to  this  temperature  for  a 
comparatively  long  time.  The  jtenetration  of  dry  heat 
into  materials  which  are  to  be  sterilized  is.  moreover, 
much  less  thorough  than  that  of  steam.  Many  sub- 
stances of  vegetable  and  animal  origin  are  rendered 
valueless  by  subjection  to  the  dr^'  metiiod  of  sterilization. 
For  these  reasons  comparatively  few  materials  can  be 
sterilized  in  this  way  without  seriously  impairing  their 
further  useful  ocss. 

Successful  sterilization  hy  dry  heat  cannot  usually 
be  accomplished  at  a  temperature  lower  than  150"  C, 
and  to  this  degree  of  heat  the  objects  should  be  sub- 
jected for  not  less  than  one  hour.  For  the  sterilization, 
therefore,  of  the  organic  materials  of  which  the  media 
employed  in  bacteriological  work  are  composed,  and  of 
domestic  articles,  such  as  cotton,  woollen,  wooden,  and 
leather  articles,  this  method  is  wholly  unsuitable.  In 
Ijactcriological  work  its  application  is  limited  to  the 
sterilization  of  glassware  principally — such,  for  example, 
as  flasks,  plates,  small  dishes,  test-tubes,  pipettes — and 
such  metal  instruments  as  are  not  seriously  injured  by 
the  high  temperature. 


Sterilization  by  moist  heat — steam— offers  conditions 
PMwh  mow  favorable.     The  iK-netrating  power  of  the 
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steam  18  not  only  more  complete,  but  the  tempera- 
ture at  which  sterilization  is  ordinarily  accomplifilied  is, 
as  a  nile,  not  destructive  to  tlie  objectH  under  treat- 
ment. This  is  conspicuously  seen  in  the  work  of  the 
laboratory;  the  culture-media,  (wmposed  in  the  main 
of  dti'omposable  organic  mat^-rials  that  would  be  ren- 
dennl  entirely  wortJilcss  if  exjiosed  to  the  dry  method 
uf  8t«riliziition,  sustain  no  injury'  whatever  when  intel- 
ligently Bubjectsd  to  an  equally  effective  sterilization 
with  steam.  The  same  may  be  said  of  cotton  and 
woollen  fabrics,  bedding,  clothing,  etc. 

Aside  from  the  relations  of  the  two  methods  to  the 
materials  to  be  sterilized,  their  action  toward  the  or- 
ganisms to  be  destroyed  is  quite  different.  The  pene- 
trating power  of  sU^m  renders  it  liy  far  the  more  effi- 
cient agent  of  the  two.  The  spores  of  several  organisms 
which  are  killed  by  an  exposure  of  but  a  few  moments 
to  the  action  of  steam,  resist  the  destructive  action  of 
dry  heat  at  a  higher  tempcriiturc  for  a  much  greater 
length  of  time. 

These  differences  will  l>e  strikingly  brought  out  in 
the  experimental  work  on  this  subjwt.  Vor  our  pur- 
poses it  is  necessary  to  remember  that  tlie  two  methods 
have  the  following  applications  : 

The  dry  metho<l,  at  a  temperature  of  ISO^-ISO"  C. 
for  one  hour,  is  employed  for  the  storilizution  of  glass- 
ware, such  as  flasks,  test-tubes,  culture-dishes,  jtipettes, 
plat«s,  etc. 

Sterilization  by  steam  is  jiractised  with  all  culture- 
media,  whether  fluid  or  solid.  Bouillon,  milk,  gelatin, 
agar^gar,  ptitato,  etc.,  are  under  no  eircumstiiuces  to 
be  snbjected  to  drj-  heat. 

The  manner  in  which  heJit  is  employed  in  proce.saes 
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of  sterilization  varies  with  eircumstanees.  When  used 
in  the  dry  form  its  applieation  is  always  continuous — 
/.  c,  the  objects  to  he  sterilized  are  simply  exjxxsed  to 
the  proper  temperature  for  the  length  of  time  necessary 
to  destroy  all  liviuf^  organisms  which  may  be  upon 
them.  With  the  use  of  steam,  on  the  other  hand,  the 
articles  to  be  sterilized  are  frequently  of  such  a  nature 
that  a  prolongeil  application  of  heat  might  materially  in- 
jure them.  For  this  and  other  reasons  steam  is  usually 
applied  intermittently  and  for  short  periods  of  time.  The 
principles  involved  in  the  intermittent  method  of  sterili- 
zation depend  upon  differences  of  resistance  to  heat  which 
the  organisms  to  be  destroyed  are  known  to  possess  at 
different  stages  of  their  development.  During  the  life- 
cycle  of  many  of  the  bacilli  there  is  a  stage  in  which 
the  resistiuice  of  the  organism  to  the  action  of  both 
chemical  and  thermal  agents  is  nnich  greater  than  at 
other  stages  of  their  devi^lopment.  This  increased 
power  of  resistance  appears  when  these  organisms  are 
in  the  spore-  or  resttncj-siaffc,  to  which  reference  has 
already  been  made.  When  in  the  vegetative  or  grow- 
ing stage  most  bacteria  are  killed  in  a  short  time  by  a 
relatively  low  temperature ;  whereas,  under  conditions 
which  favor  the  j)roduction  of  spores,  the  spores  are 
seen  to  be  caj>able  of  resisting  very  much  higher  tem- 
jx^raturcs  for  an  appreciably  longer  time  ;  indexed,  sj)ores 
of  certain  bacilli  have  been  encountered  that  retain  the 
jx)wer  of  genuinating  after  an  exposure  of  from  five  to 
six  hours  to  the  tciii|M'niturc  of  boibnir  water.  Such 
powers  of  resistance  have  never  been  observed  in  the 
vegetative  stauc  oi'  developnieiit.  These  difVerenccs  in 
resistance  to  he.-it  wliirli  the  sooi-c-forniinir  ofLnuiisms 
{)ossess  at   tlieir  ditlerent    >t;i^('s    of    (levclopnient    are 
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taken  advantage  of  in  tlic  pnti'css  of  sterilizutiuu  by 
Btaam  known  as  the  fractional  or  hiffTmiUeiU  method, 
and  are  the  essential  feature  of  tlie  principles  on  which 
the  method  is  based. 

As  culture-media  are  dependent  for  their  usefulness 
upon  the  presence  of  more  or  less  unstable  oipinic 
compounds,  tlie  object  aimed  at  in  this  method  is  to 
destroy  the  organisms  in  the  shortest  time  and  with 
the  least  amount  of  heat.  It  is  aeeomplished  by  sub- 
jecting them  to  the  elevated  tcuipemture  at  a  time 
when  the  bacteria  are  in  the  vegetating  or  growing  stage 
— f.  e.,  the  stage  at  wliich  they  are  most  susceptible  to 
detrimental  influences.  In  order  to  accomplish  this  it  is 
necessarj'  that  there  shonlil  exist  conditions  of  tempera- 
ture, nutrition,  and  moisture  which  favor  the  vegetation 
of  the  bacilli  and  the  germination  of  any  six)n.'s  that 
may  be  present.  When,  as  iu  freshly  pn'imred  nutrient 
media,  these  surroundings  are  found,  Ihe  spore-forming 
oi^nisms  are  not  only  less  likely  to  enter  the  spore- 
st^e  than  when  their  environments  are  less  favorable 
to  their  vegetation,  but  spores  whieli  may  already  exist 
develop  very  quickly  into  mature  cells. 

It  is  plain,  then,  that  with  the  (irst  ajiplieation  of 
steam  to  the  substance  to  be  sterili/cd  the  niatun'  vege- 
tative forms  are  destroyed ;  while  certain  sjiores  that 
may  be  present  resist  this  treatment,  providing  the 
stabilization  is  not  c<mtinued  for  too  long  a  time.  If 
now  the  sterilization  is  discontinued,  and  the  material 
which  presents  conditions  fSivonible  to  the  germination 
of  the  spores  i.s  allowe<l  to  stand  for  a  tinu',  usually 
for  about  twenty-four  hours,  at  a  tenijieniture  of  from 
20°  to  30°  C,  those  spores  which  resisted  the  action  of 
the  steam  will,  in  the  course  of  this  inter\al, germinate 
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into  the  less  resistant  vegetative  cells.  A  second  short 
exposure  to  the  steam  kills  these  forms  in  turn,  and 
hy  a  repetition  of  this  process  all  bacteria  that  were 
present  may  be  destroyed  without  the  application  of 
the  steam  having  been  of  long  duration  at  any  time. 
It  should  be  remembered  that  while  spores  which 
may  be  present  are  not  directly  killed  by  such  an 
exposure  to  heat  as  they  ex^wrience  in  the  intermit- 
tent method  of  st(»rilization,  still  their  power  of  ger- 
mination is  somewhat  inhibited  by  this  treatment.  In 
this  metluxl,  therefore,  if  the  temperature  of  100°  C. 
be  employed  for  too  long  a  time,  it  is  possible  so  to 
retard  the  germination  of  the  spores  as  to  render  it 
imjK)ssible  for  tlu^m  to  develop  into  the  vegetative  stage 
during  the  interval  between  the  heatings.  By  exces- 
sively long  exposures  to  high  temperature,  but  not  long 
enough  to  destroy  the  spores  din^etly,  the  object  aimed 
at  in  the  method  may  be  defeated,  and  in  the  end  the 
substance  undergoing  sterilizjition  be  found  still  to  con- 
tain living  bacteria.  In  this  proei^ss  the  plan  that  has 
given  most  satisfactory  results  is  to  subject  the  materials 
to  b(»  stiTilized  to  the  action  of  steam,  under  the  ordi- 
nary conditions  of  atmospheric  ])ressure,  for  fifteen  min- 
utes on  (^ach  of  three*  successive  days,  and  during  the 
intervals  to  maintain  them  at  a  temperature  of  about 
2r)°-3()°  V,  At  the  end  of  this  time  all  living  organ- 
isms which  were  ])resent  will,  as  a  general  nile,  have 
b(M»n  destroyed,  and,  unless  opportunity  is  given  for 
the  access  of  new  organisms  from  without,  the  sub- 
stances thus  treated  remain  sterile.  As  an  exception 
to  this,  certain  species  of  spore-forming  bacteria  are 
oeeasionallv  encountered  that  are  not  rea<lilv  destrove<l 
by  this   mode  of  tn^atment.      They  are,   pr(\sumably, 
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of  the  grniip  (if  ao-callttl  soil  orgioiismHf  am!  rcpn^ 
sent  the  liirius  in i Kit  resistant  to  tlic  iiifliit>nce  of 
heat.  We  aro  not  as  yet  sufficiently  familiar  with 
all  their  peeuliaritiea  to  warrant  our  speaking  with 
certainty  as  to  a  means  of  sterilizing  media  in  which 
they  are  present.  It  does  not  seem  imlikcly  that  tfiey  are 
of  the  thermophilic  (possibly  facultative  thermophilie) 
varietj',  aud  therefore  show  little  tendeTicy  to  develop 
into  the  vej^tative  stage  between  the  heatings,  germinat- 
ing perhaps  ho  slowly  at  tlie  temiwrature  under  which 
tliey  find  themselves  as  not  to  leave  completely  the  spore- 
stage  before  another  exposure  to  the  steam,  hut  mani- 
festing after  a  time  properties  of  life  in  metlia  that  are 
thought  to  be  sterile  and  which  have  been  placed  aside 
for  subsetpient  uw?.  This  is  a  mere  hypothesis,  however, 
and  is  as  yet  entirely  wanting  in  csjierimental  proof. 

Theobald  Smith '  lias  recently  ealled  attention  to  an  in- 
structive personal  experience.  He  finds  that  when  media 
are  jiresent  in  vessels  in  only  thin  layers  the  spores  of 
anaerolnc  species  do  not  develop  into  the  vegetative 
forms  during  the  inten-al  between  the  heatings,  for  the 
reason  tliat  the  shallow  layer  of  medium  does  not  suf- 
ficiently exclude  free  oxygen  to  permit  it ;  and  by  sub- 
jecting sneh  materials,  apparenily  sterilized  by  the  intei^ 
mittent  method,  to  strictly  anaerobic  conditions  a  devel- 
opment of  anai'robic  species  will  often  occur.  On  the 
other  hand,  if  the  vessels  be  n(^arly  filled  with  media, 
and  especially  if  the  area  of  the  surface  be  small,  the 
conditions  are  much  more  favorable  to  the  germination 
of  auaerobit^  spores  and  sterilization  by  this  process  is 
usually  perfect. 

■Theobald  Sinitli:   Juumal  of  EipciiuienUil  Mtclitiue,  vol.  iii.  No. 

e,  p.  M7. 
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Fortunately,  these  undesirable  experiences  are  rare, 
but  that  they  do  occur,  and  result  in  no  small  degree 
of  annoyance,  will  1x3  admitted  by  most  bacteriologists. 

It  must  be  borne  in  mind  that  this  method  of  steril- 
ization is  only  applicable  in  those  cases  which  present 
conditions  favorable  to  the  germination  of  the  spores 
into  mature  vegetative  cells.  I)r}'  substances,  such  as 
instruments,  bandages,  apparatus,  etc.,  or  organic  ma- 
terials in  which  decomposition  is  far  advanced,  where 
conditions  of  nutrition  favorable  to  the  germination  of 
spores  are  not  present,  do  not  offer  the  conditions  requi- 
site for  the  successful  operation  of  the  principles  under- 
lying the  intermittent  method  of  sterilization. 

The  process  of  fractional  sterilization  at  low  tempera- 
tures is  based  upon  exactly  the  stime  principle,  but 
differs  in  two  resiK^cts  from  the  foregoing  in  the 
manner  by  which  it  is  ])ractisod,  viz.,  it  requires  a 
gW'atcr  number  of  exposures  for  its  accomplishment, 
and  the  temjKTatnre  at  which  it  is  conducted  is  not 
above  68°-70°  C\  It  is  employc'd  for  the  sterilization  of 
easily  decomposable  materials,  which  would  be  rendered 
useless  bv  steam,  but  which  are  unaltered  bv  the  tem- 
[>eniture  employ e<l,  and  for  certain  albuminous  culture- 
mediji  that  it  is  <lesinil)le  to  retain  in  a  fluid  condition 
durinjr  st(Tilizjition,  but  which  would  be  coagulated  if 
exposed  to  higher  t(»nipenitures.  This  ]>roc(»ss  rcquin\s 
that  tlie  material  to  be  sterilized  shonhl  be  subjected  to 
a  t<*niperature  of  ()S°-70^  ('.  for  on(»  hour  on  each  of 
six  sn<'c<'ssive  (lavs,  the  interval  of  twentv-four  hours 
between  the  exposures  admittin<x  <>f  the  jii^ermination 
of  spores  into  mature  cells.  Durinuf  this  interval  the 
substaiK'es  inider   treatnu'nt    are    kept   at    al)0ut    25^— 
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30°  C.  The  temperature  employed  in  this  process 
suffices  to  destn>y,  iii  about  one  hour,  the  vitality  of 
almost  all  organisms  in  the  vegetative  stage.  Formerly 
blood-scrum  was  always  sterilized  by  the  intermittent 
method  at  a  low  temperature. 

Sterilization  by  steam  is  also  practised  by  what  may 
be  called  the  direct  method — that  is  to  Bay,  both  the 
mature  organisms  and  the  siwres  which  may  be  present 
in  the  material  to  be  sterilized  are  destroyed  by  a  single 
exposure  to  tlie  steam.  In  this  method  steam  at  its  ordi- 
nary temperature  and  pR-ssure — live  steam  or  streaming 
steam,  as  it  is  calle<l — is  employed  just  as  in  the  first 
method  described  ;  bnt  it  is  allowed  to  act  for  a  much 
longer  time,  usually  for  not  less  than  an  hour ;  or  steam 
under  pressure,  and  eonsctjuently  of  a  higher  tempera- 
ture, is  now  frequently  employed.  By  the  latter  pro- 
cedure a  single  exjiosuro  of  fifteen  mimites  is  sufficient 
for  the  destruction  of  practically  all  bacilli  and  their 
spores,  providing  the  pressure  of  the  steam  is  not  less 
than  one  atmosphere  over  and  above  that  of  normal ; 
this  is  approximately  equivalent  to  a  temj>eniture  of 
122°  C  to  which  the  organisms  are  exposed. 

Tiie  objection  that  lias  been  uiged  to  both  of  these 
methods,  particularly  that  in  which  steam  under  press- 
ure is  employed,  is  that  the  properties  of  the  media 
are  altered.  Gelatin  is  said  to  l>eeonie  elondy  and  lose 
the  property  of  solidifying;  in  bouillon  and  agar-agar 
fine  precipitates  are  said  to  result,  and  some  believe 
the  reaction  undei^oes  a  change.  In  the  experience 
of  Uiose  who  have  used  steam  under  pressure  not  ex- 
ceeding one  or  one  and  one-half  atmospheres  for  ton 
to  titeen   minutes    these   obstacles   have   rarely   been 
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encoiint<»red.  There  is  one  point  to  be  borne  in  mind, 
howoviir,  in  using  steam  under  pressure,  viz,,  it  is  not 
|H>.ssil)le  to  regulate  the  time  of  exposure  to  the  same 
degree  of  nicety  as  where  ordinary  live  steam  is  used. 
The  reason  for  this  is  that  if  the  apparatus  be  opened 
t<»  remove  the  objects  being  sterilized  while  the  steam 
within  it  is  under  pressure,  the  escape  of  stc^m  will 
be  so  rapid  tliat  all  fluids  within  the  chamber,  thus 
suddenly  relieved  of  pressure,  will  begin  to  boil  vio- 
lently, and,  as  a  rule,  will  boil  quite  out  of  the  tubes, 
flasks,  et(\,  eontiiining  them.  For  this  reason  the 
aj)paratus  must  be  kei)t  closed  until  cool,  or  until  the 
g:ing(^  indicates  that  pressure  no  longer  exists  within 
tlie  chamber,  and  e\*en  then  it  should  be  opened  very 
i'autiously.  It  is  patent  from  this  that  the  tempera- 
ture and  timc^  of  exposure  of  articles  sterilized  by  this 
])r(K'ess  eaimot  usually  be  controlled  with  accuracy. 
It  re(|nires  s(>m(*  time  to  reach  a  given  pressure  after 
the  appanitus  is  closed,  and  it  also  requires  time  for 
cooling  after  the  desired  exj>osure  to  such  pressure 
before  the  apparatus  can  be  o|)ened. 

It  is  manifest  that  during  these  three  periods,  viz., 
(^0  reaching  the  pn^ssure  d(*sired,  {h)  time  during  which 
the  pressure  is  maintaineil,  and  (c)  time  for  fall  of  press- 
ure h<'fore  the  ehamber  can  !)(»  o])ened,  it  is  difficult  to 
say  certainly  to  what  temj)erature  and  pressure  the  arti- 
eh»s  in  the  appanitus  have,  on  the  irhoicy  Iktu  subjected, 
dearly,  if  tlu*  desired  pressure  and  temperature  have 
been  maintained  for  ten  minutes,  one  cannot  say  that 
this  is  (i//  th(»  heat  to  whieh  the  articles  have  been  sub- 
jected during  their  stay  in  the  ehamber.  In  this  light, 
while  steam  nn<hM*  pressure  mav  answer  verv  well  for 
n>utine    sterilization,  still    it   presents    insurmountable 
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obstacles  to  its  use  in  more  deliisite  experinionts  wiiere 
time-expoftiire  to  definite  tcmjKiniture  is  of  iniijortance. 
NcvertliplesB,  for  general  lalwmtory  purposes,  sterili- 
zation by  steam  under  pressure  has  so  mucli  to  re<«)m- 
uien<l  it  in  tbe  way  of  economy  of  time  and  certainty 
of  ot^omplisiimcnt  that  it  has  practicaily  superseded 
tbe  older  methods  of  sterilization  by  steaming  or  live 


SMmi  hWri[iiiT,  ratleri 


^l<■am;  anil  in  most  lalwratories  the  orifrinal  styh 
fitvam  steriiiKers  sire  rapiilly  jciving  wiiy  to  Bome  oi 
another  of  tbo  modern  forms  of  autwiave. 


For  sterilization  by  live  steam  the  apjiamtu.'^  eom- 
manly  em|ilflyed  has,  until  reeently,  l>oen  the  evliii- 
drical  Imiler   reeommended   by   Kocb.      (See   Fig.  8.) 
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Its  construction  is  very  simple,  essentially  that  of  the 
ordinary  domestic  potato-steamer.  It  consists  of  a 
copper  cylinder,  the  lower  fifth  of  which  is  some- 
what larger  in  circumference  than  the  remaining  four- 
fifths  and  acts  as  a  reservoir  for  the  water  from  which 
the  steam  is  to  be  generated.  Covering  this  section  of 
the  cylinder  is  a  wire  rack  or  grating  through  which 
the  steam  passes,  and  which  serves  to  support  the 
articles  to  be  sterilized.  Above  this,  comprising  the 
remaining  four-fifths  of  the  cylinder,  is  the  chamber 
for  the  reception  of  the  materials  over  and  through 
which  the  steam  is  to  pass.  The  cylinder  is  closed  by 
a  snugly  fitting  cover  through  which  are  usually  two 
perforations  into  which  a  thermometer  and  a  manometer 
mav  be  inserted.  The  whole  of  the  outer  surface  of 
the  apparatus  is  encased  in  a  non-conducting  mantle  of 
asbestos  or  felt. 

The  water  is  heated  by  a  gas-flame  placed  in  an  en- 
closed chamber,  upon  wliich  the  apparatus  rests,  which 
serves  to  diminish  the  loss  of  heat  and  deflection  of  the 
flame  through  the  action  of  draughts.  The  apparatus 
is  sinn)le  in  construction,  and  the  only  point  which  is 
to  be  observed  while  using  it  is  the  level  of  the  water 
in  the  reservoir.  On  the  reservoir  is  a  water-gauge 
which  indicates  at  all  times  tlie  amount  of  water  in  the 
apparatus.  The  amount  of  water  should  never  be  too 
small  to  be  indicated  by  the  gauge  ;  otherwise  there  is 
danger  of  the  reservoir  becoming  dry  and  the  bottom 
of  the  apparatus  being  destroyed  by  the  direct  action  of 
the  flame. 

A  sterilizer  that  has  come  into  very  jreneral  use  in 

bacterioloffioal    laboratories   is  one  ori<rinallv  intended 

«^  ^>         » 

for  use  in  the  kitchen.     It  is  called  the  "  Arnold  steam 
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sterilizer."     It  is  very  ingt^nious  in  its  construction  as 
well  ^  economical  in  its  employment. 

The  difference  between  this  apjtaratus  and_  that  just 
described  is  that  it  provides  for  the  wndensation  of  tlie 
steam  after  its  escape  from  the  sterilizinj^  ehaniber,  and 
returns  the  water  of  condensation  automatically  to  the 
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reser\'oir,  so  tliat  in  praotiee  the  apjianttns  requins  but 
little  attention,  as  with  ordinary  wire  there  i.s  no  lilteli- 
hood  of  the  water  in  the  reservoir  becoming  exhauRted, 
with  the  ron.soqnpnt  destruction  of  the  sterilizer. 
Fig.  9  sliiiws  a  section  through  this  apparatus. 
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The  advantages  of  the  use  of  steam  under  pressure 

for   the   piirjioees   of  sterilization    have  received  such 

general  recognition  tliat  almost  everywhere  this  method 
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is  supplanting  thf!  <tl(ler  one  of  intermittent  ritcrilixntii 
witli  steaming  itr  live  steam.  By  this  plan  one  i;* 
to  accomplish,  by  a  eingle  exposure  of  fifteen  minutes 
steam  under  a  pressure  of  one  atmosphere,  the  same  e 
that  wouhl,  with  steaming  steam,  require  three  exposui 
of  tiftcen  minutes  on  each  of  three  Buecessive  days. 


3L 


i 


For  sterilization  by  steam  under  pri-mm-f  several  s 
cial  forms  of  apparatus  exist.  The  prineiples  involvi 
in  theui  nil  are,  however,  the  same.  They  provide  i 
the  generation  of  steam  in  a  chamber  from  which  \ 
cannot  escape  when  the  apparatus  is  rlosed.  Upon  ti 
cover  of  this  ehamber  is  ti  safety-valve,  which  can  I 
regulat*'il  so  that  any  degree  of  pressure  (and  coinci- 
dcntly  of  temperature)  that  h  desirable  may  be  mmn- 
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taiatfl  witbiD  the  st^rili/ing  cliambtT.    TlieBO  sterilizcrH 
art' known  as  "tligesters"  and  as  "autoclaves."     Their 


construi'tion   can   best  be  iiiiilerstood   by  reference  to 
Figs-  1"  ■""•  11- 


STEIin.IZATION    BY    HOT    AIK. 

The  hot-air  sterilizers  use<l  in  laboratories  arc  slni- 
jdy  double-walled  boxes  of  Kiiwian  or  Swedish   i 
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(Fig.  12),  having  a  <loubIe-wallc<l  door,  which  cloeea 
tightly,  ami  a  heavy  copper  bottom.  The}'  are  pro- 
vi(k-4l  with  openings  for  the  escape  of  the  contained  air 
and  the  entrance  of  the  heated  air.  The  flame,  usually 
from  a  rose-bumcr  (Kig.  13),  is  applied  directly  to  the 
Ix)ttom.  The  heat  circulates  from  the  lower  surface 
around  about  the  apparatus  through  the  space  between 
it»  wuIIh. 


Tlic  roiistni'tion  nf  flie  copper  bottom  of  the  appa- 
nitus  iijMin  wliicli  tiic  Hume  impinges  is  designcil  to  pre- 
vent llie  dirtit  mtiim  i>f  the  flame  npon  the  .shoot-iron 
botliim  of  the  chamber,  ft  consists  of  several  copper 
plates  pbieed  one  above  the  other,  but  with  a  si>ace  of 
abntil  1  to  '»  mm.  between  (lie  plates.  Tlicse  copper 
Ixtttoiiis  aftiT  a  time  l)eeome   Imnieil  out,  and  unless 
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they  are  replaced  the  apparatus  is  useless.  The  older 
formij  of  hot-air  sterilizen-  are  so  constructed  that  their 
repair  is  a  matter  involving  some  time  and  esjwnse. 
To  meet  this  objection  I  have  had  constructed  a  steril- 
izer in  all  respects  similar  to  the  old  form  except  in 
the  arrangement  of  the  copper  bottom.  This  is  made 
in  such  a  way  that  it  can  Ix;  easily  removed,  so  that 
by  keeping  several  sets  of  copper  plates  on  hand  a 
new  plate  can  readily  be  inserted  w  hen  the  old  one  is 
burned  out. 

In  the  employment  of  the  hot-air  sterilizer  care 
should  always  lie  given  tn  the  condition  of  the  copper 
bottom ;  for  the  direct  apj>licntion  of  heat  to  the  sheet- 
iron  plate  upon  which  the  substances  to  be  steril- 
ized stand  results  not  only  in  destruction  of  the  appa- 
ratus, but  frequently  in  destruction  of  tlie  substances 
undergoing  sterili/jition. 

Since  the  temperature  at  which  this  form  of  .steril- 
ization is  usually  arromplislied  is  high,  from  100°  to 
180°  C,  it  is  well  to  have  the  ap|>anitiis  encased  in 
asboston  boards,  to  diminish  tiK'  nidiation  of  heat  fivm 
its  surfaces.  This  not  <)nly  confines  the  heat  to  the 
apparatus,  but  guards  against  the  destructive  action  of 
the  radiated  heat  on  wootlwork,  furniture,  etc.,  that 
may  be  in  the  neiglil>orliood. 

CHEMICAL   STKRII.IZATION    AM)    DI.'ilNFECTTION. 

Afl  has  been  stat<'d,  it  is  possible  by  means  of  cer- 
tain chemical  sulistances  to  distn>y  all  bacteria  and 
their  spores  that  may  be  within  <ir  iijMin  viiriims  mate- 
rials and  ohje<^t» — /.  r.,  to  sterilize  them  ;  and  it  is  also 
possible  by  the   sjune   mean.^  to  nib   objects  of  tlwir 
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dangerous  infective  properties  without  at  the  same 
time  sterilizing  them — /.  r.,  to  disinfect  them.  This 
latter  process  depends  upon  the  fact  that  the  vital- 
ity of  many  of  the  less  resistant  pathogenic  organ- 
isms is  easily  destroyed  by  an  exposure  to  particular 
chemical  substances  that  may  be  without  effect  upon 
the  more  resistant  saprophytes  and  their  spores  that  are 
present. 

In  general,  the  use  of  chemicals  for  sterilization  is 
not  to  be  considered  in  connection  with  substances  that 
are  to  be  em])l()yed  as  culture-media,  and  their  employ- 
ment is  restricted  in  the  laboratory  to  materials  that 
are  of  no  further  value,  and  to  infected  articles  that  are 
not  injured  l>y  the  action  of  the  agents  used,  though  ex- 
ceptionally such  volatile  germicides  as  chloroform  and 
ether  are  employed  for  the  sterilization  of  special  culture- 
media.  (See  Preservation  of  BhxMl-serum  with  Chloro- 
form.) In  short,  they  are  mainly  of  value  in  rendering 
infected  waste-materials  innocuous.  For  the  successful 
])erforman('e  of  this  form  of  disinfection  there  is  one 
fundamental  rule  always  to  be  borne  in  mind,  viz.,  it 
is  absolutelv  essential  to  success  that  the  disinfectant 
used  should  come  in  direct  contact  with  the  bacteria  to 
be  destroyed,  otherwise  there  is  no  disinfection. 

For  this  reason,  one  should  always  remember,  in 
selecting  the  disinfecting  agent,  the  nature  of  the  mate- 
rials containing  the  bacteria  upon  which  it  is  to  act,  for 
the  majority  of  disinfectants,  and  particularly  those  of 
an  inorganic  nature,  vary  in  the  d(»gree  of  their  potency 
witli  the  chemical  nature  of  the  mass  to  which  thev  are 
a))))lied.  Often  the  materials  containing  the  bacteria 
to  l)e  (lestrov(Ml  are  of  sueh  a  character  that  thev  com- 
bine  with  the  disinfecting  agent  to  form  insoluble  pre- 
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cipibitest ;  these  so  interfere  with  tlic  penetration  of  tlie 
disiufeetuut  timt  many  boeterta  niuy  esuipe  Ma  destruc- 
tive action  entirely  and  no  disinfection  be  accomplisiied, 
though  an  ugent  may  liave  been  employed  that  would, 
under  otiier  eircumstanoea,  have  given  entirely  satisfac- 
tory results, 

In  the  destruction  of  bact«ria  by  means  of  chemical 
substancea  there  occurs,  most  probably,  a  definite  chem- 
ical reaction — that  is  to  say,  the  characteristics  of  both 
the  bacteria  and  the  agent  employed  in  their  destruction 
are  lost  in  the  production  of  an  inert  third  body,  the 
result  of  their  combination.  It  is  iraiwsnible  to  say 
with  absolute  eertainty,  as  yet,  that  this  is  the  case ;  iiiit 
the  evidence  that  is  rapidly  accruing  from  the  more 
recent  studies  upon  disinfectants  and  their  mode  of 
action  points  strongly  to  the  accuracy  of  this  belief. 
This  reaction,  in  which  the  typical  strut'tures  of  both 
bodies  concerned  are  lost,  takes  place  between  the  agent 
employed  for  disinfection  and  the  proto|)lasra  of  the 
bactena.  For  example,  in  the  reaction  that  is  seen  to 
take  ptaee  between  the  salts  of  mercury  and  albumi- 
nous bodies  there  results  a  third  TOUipouud,  which  has 
neither  all  the  characteristics  of  mercury  nor  of  albiunin, 
but  partakes  of  the  peculiarities  of  Iwth  ;  it  is  a  combi- 
nation of  ulbnmin  and  mercury,  commonly  known  by  the 
indefinite  term  "albuminate  of  mercury."  Some  such 
reaction  as  this  apparently  occurs  when  the  soluble  salts 
of  mercury  are  brought  in  contact  with  Imcteria.  This 
view  has  been  strengthened  l»y  the  experiments  of 
Qeppert,  in  which  the  reaction  was  caused  to  take  place 
between  the  spores  of  the  anthrax  bacillus  and  a  solu- 
i  tion  of  mercuric  chloride,  the  result  being  the  nppareni 
destruction  uf  the  vitiility  of  the  spores  by  the  forma- 
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tion  of  this  third  compound.  In  these  experiments  it 
was  shown  that  though  this  combination  had  taken 
place,  still  it  did  not  of  necessity  imply  the  death  of 
the  sj>ores,  for  if  by  proper  means  the  combination  of 
mercury  with  their  protoplasm  was  broken  up,  many 
of  the  spores  resumed  their  vitality,  with  all  their  pre- 
vious disease-producing  and  cultural  peculiarities.  Gep- 
|K!rt  employed  a  sohition  of  ammonium  sulphide  for 
the  purj>ose  of  destroying  the  combination  of  spore- 
protoplasm  and  mercun' ;  the  mercury  was  precipi- 
tate<l  from  the  protoplasm  as  an  insoluble  sulphide, 
and  the  protoplasm  of  the*  spores  returned  to  its  original 
condition.  These  and  other  somewhat  similar  experi- 
ments have  given  a  new  impulse  to  the  study  of  disin- 
fectants, and  in  the  light  shed  by  them  many  of  our 
])reviously  formed  ideas  concerning  the  action  of  dis- 
infecting agents  must  be  modified. 

The  process  of  disinfection  is  not  a  catalytic  one — 
/.  r.,  o<*eurring  simply  as  a  result  of  the  presence  of  the 
disinfecting  b<Kly,  which  is  not  itself  decom]>os(Kl  during 
its  process  of  destruction — but  is,  as  said,  a  definite  chem- 
ical reaction  oc(;nrring  within  more  or  less  fixed  limits; 
that  is  to  say,  with  a  given  amount  (if  the  disinfect>- 
ant  employed  so  much  work,  ex]>ressed  in  terms  of  disin- 
fection— destructiim  of  bacteria — can  be  accomplished. 

Another  point  in  favor  of  this  view  is  th<»  increased 
energy  of  the  reaction  with  elevation  (if  temperature. 
Just  MS  in  many  other  chemical  ])henomena  the  inten- 
sity and  rapidity  of  the  reaction  become  greater  under 
the  influence  of  heat,  s(>  in  the  ])rocess  of  disinfection 
the  combination  between  the  disinfectant  and  the  organ- 
isms to  be  (lotroved  is  much  more  enerjj^f^tic  at  a  tem- 
IK'rature  of  Wl    to  :51>^  C\  than  it  is  at  12°  to  15°  C. 
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A  number  of  important  and  novel  suggestions  with 
regardto  the  rnoda^  operandi  of  disinfection  Imve  re- 
cently been  brought  out  through  the  work  of  Kronig 
and  Paul,'  who  took  up  the  subject  from  its  physical- 
chemical  standpoint.  The  comprehensive  niitiireof  this 
elaborate  investigation  precludes  more  tlian  u  brief  men- 
tion of  some  of  the  conclusions  reached ;  and  in  onler 
that  thc:4e  may  be  int^-lligiblc  certain  beliefs  (working 
hypotheses)  of  the  physieal-eliemists  should  l)c  borne  in 
mind.  In  1887  Arrhcnius  i)roi>osed  the  theory  that 
when  an  electrolyte  (a  compound  decomiwsable  by  an 
electric  current)  is  dissolved  in  water  its  niohxsules  break 
down,  not  simply  into  their  com]M)nent  atoms,  but  into 
ionti,  which  are  atoms  or  groups  of  atoms  having  electro- 
positive and  elcctn>-nogativo  characteristics,  Acrconling 
to  this  theory,  salts,  when  dissolved  in  water,  undergo 
electrolytic  dissociation  into  metallic  and  acidic  ioim, 
the  former  being  the  eIeetn>-positive  calion,  the  latter 
the  electro-negative  <imo»  ;  siHliiim  chloride,  for  exam- 
ple, resolving  itself,  im<Ier  these  conditions,  into  its 
sodium,  or  mctnf-ioii,  and  its  cldtirine,  or  (indie  ion. 
The  eleetro-|x»Hitive  laitions,  aeconliiig  to  Ostwahl,  com- 
prise the  metals  and  metal-like  r.i<Iieals,  such  as  iim- 
moniiim  (NH4)  and  hydrogen  (H);  while  the  electro- 
negative anions  include  the  halogens,  the  acidic  radicals 
(such  as  NO3  and  Sl\),  aixl  liydmxyl.^  Using  this  theory 
as  the  basis  of  their  investigations,  Kronig  and  Paul 

'  KrOniK  and  I'uiil :  a>il«lirift  liir  UyKiciu-  uuil  Iiiffcli<tn«krank- 
hdlen,  1S97.  BaiKl  siv.  S.  1-11-'. 

'  (tonauU  OwlH-Bia-s  I^-brhin'h  .Ut  AIIv.  Clicmii-  ■.  ur  Miiir's  tranain- 
tinnurOstWHM'HSuliiIirmA.  II.  1S!I,  |>ii))li..1inl  l.v  [.nnemiiiM,  Crepii  & 
<\i.,  T^niloii  and  Npw  Ycirk.  1S9I.  Also  "  Tli.'  Itisi'  cif  tlip  Tlicriry  of 
EIiTtmlytic  Diwiocintir.il,' ■  <■(!■. .  liy  It.  ('.  J.iii«.-i.  I'll.  1).,  Johiw  ItojikiiiH 
Hofipital  Balletin,  Ni>.  S7,  Jiini',  ISilS.  i>.  IIHI. 
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reached  the  following  conclusion.-*  with  regard  to  the 
action  of  (.'heniicul  disintli^tmits : 

The  gcrmickhil  value  of  a  metallic  salt  di-ponda  not 
only  npon  its  speeiKc  character,  liiit  also  upon  that  of  its 

Soliitiuns  of  nictallie  Malts  in  which  the  metallic  part 
is  reprcsrntcil  hy  a  (;(inipU's  ion  and  in  which  tile  con- 
prntration  of  the  mctui  ion  is  very  slight,  have  but 
feeble  (lisinfectiii};  activity. 

The  halogen  eurnpoiinds  of  nien'Urj-  act  according  to 
the  degree  of  their  ilissiK-iation. 

The  disinfecting  juiwer  of  the  halogens — chlorine, 
bn>niine,  iodini' — (as  well  aw  tlieir  conijHMnuis)  is  in  in- 
vert r:itiii  to  their  atomic  weifjlits. 

Tlic  (li-inicctiiig  activity  of  watcrj-  solutions  of  mer- 
rnrii-  chloride  is  ilimiiiisiicd  by  the  addition  to  them 
of  other  halojicn  eompninds  of  metals  nnd  of  hydro- 
chloric aeid.  It  ;ip]iciirs  ]iriilmble  ihat  lliis  is  dne  to 
oliwtnietion  offered  to  eli-ctnilytic  dissfM'iiition. 

The  disinfit'ting  netivities  of  watery  solutions  of  mcr- 
enric  nitnite,  men'urie  sulphate,  and  nuTinric  jicctate  are 
increnseii  hy  the  moderate  addilinn  of  siHlinm  rjilorjde. 

In  general,  acid^  disinfr-et  ac<onliiig  to  the  degree 
of  their  ilissoci:ilion — j.  c,  aceonling  to  the  <'oneentRi- 
tioii  of  their  hydn^gi'n  ions  in  tlic  Boliiti'in. 

The  bases,  potjis^ium,  Ho<linm,  lllhinm,  and  ammo- 
nium hydroxide,  disinfect  aceonling  to  the  degree  of 
their  dian^riiMM^tiJxnTCsponding  to  the  ronoen- 
I  in  the  Ndiitlon. 
I^iaelallin  salts  is,  in  gen- 
»- than  in  water.  It  is 
mtBUtimi  in  the  coneeii- 
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What  has  been  said  ri'i'ers  more  (Kirticularly  to  tlie 
inorganic  salts  which  are  eiiiplnyetl  for  this  purpose. 
It  is  probable  that  the  orgaiiie  bodies  possessing  clis- 
iiifectaiit  projierties  owe  this  {>ower  to  some  such  Bimilar 
reaction,  though,  as  yet,  tlicso  substanceH  have  not  been 
so  thoroughly  studied  in  this  relation. 

The  reai^tion  between  the  inorganic  saltfi  and  albu- 
minous bfxiies  ia  not  selective;  they  combine  in  most 
instances  with  any  or  all  protoplasmic  bodies  present. 
For  this  reason  the  employment  of  many  of  the  eom- 
mtmcr  disinfectants  in  general  practice  is  a  matter  of 
doubtful  advantage.  For  example,  the  disinfection  of 
excreta,  sputum,  or  blood,  containing  pathogenic  organ- 
isms, by  means  of  corrosive  sublimate,  is  a  procedure 
of  questionable  success.  The  amount  of  sublimHtc  em- 
ployed may  be  entirely  used  up  and  rendered  inactive 
03  a  disinfectant  by  the  ordinary  protoplasmic  sub- 
stances present,  without  having  any  appreciable  effect 
npon  the  bacteria  which  may  be  in  the  mass. 

These   remarks   are   introduced   in   order  to   guard 

against  the  implicit  con^dcnce  so  otWn  placed  in  the 

disiafecting  value  of  corrosive  sublimate.     In    many 

Itaoteriologieal  laboratories  it  is  the  custom  to  keep  at 

hanA  vessels  containing  sttlntions  of  corrosive  sublimate, 

into  which   infections  materials  may  be  placed.     The 

value  of  this  procedure,  as  we  have  just  learned,  may 

be  more  or  less  questionable,  esjKK;ially  in  those  eases 

in  which  tlie  substance  to  be  disinfected  is  of  a  protoid 

nature  and  where  the  solution  used  is  not  freshly  pre- 

.  pared,      On  the  introduction  of  such  substances  into 

limate  solution  the  mercury  is  quickly  preeip- 

1  itated   by  the  albimiin,  and  it»  disinfecting  pro]H>rties 

I  may  he  in  Inrgc  part  or  entirely  destroyed ;  we  may  in 
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a  very  short  time  have  little  else  than  water  containing 
a  precipitatii  of  albumin  and  mercury,  in  so  far  as  its 
value  as  a  disinfectant  is  concerned. 

Though  the  other  inorganic  salts  have  not  been  so 
thoroughly  studied  in  this  connection,  it  is  nevertheless 
probable  that  the  same  precautions  should  be  taken  in 
their  employment  as  we  now  know  to  be  neceasary  in 
the  use  of  tlie  salts  of  mercury. 

Where  it  is  desirable  to  use  chemical  disinfectants 
in  tlie  laboratory  much  more  satisfactory  results  can 
usually  be  obtained  from  tlie  employment  of  carbolic 
acid  in  solution.  A  3  or  4  |)er  cent,  solution  of  com- 
mercial carbolic  acid  in  water  requires  longer  for  dis- 
infectiim;  but  it  is,  at  the  same  time,  open  to  fewer 
objections  than  are  solutions  of  the  inorganic  salts ; 
though  here,  too,  we  find  a  somewhat  analogous  reac- 
tion between  the  carbolic  aciil  and  proteid  matters. 
Under  ordinary  circumstances  its  action  is  complete 
in  from  twenty  minutes  to  one-half  hour.  It  is  not 
reliable  for  the  disinfection  of  resistant  spores;  such, 
for  instance,  as  those  of  haoUlu.^  anfhracis. 

All  tissues  containing  infectious  organisms  should  be 
burned,  and  all  cloths,  test-tubes,  flasks,  and  dishes 
should  be  boiled  in  2  per  cent,  scxla  (onlinary  washing- 
soda)  solution  for  fift<»en  to  twenty  minutes,  or  placed 
in  the  steam  sterilizer  for  half  an  hour. 

Intestinal  evacuations  may  best  be  disinfected  with 
boiling  water  or  with  mifk  of  lime,  a  mixture  composed 
of  lime  in  s(»Iution  and  in  suspension — onlinary  fluid 
"  white-wash."  This  should  be  thorouirhlv  mixed  with 
the  evacuations  until  the  mass  reacts  distinctly  alkaline, 
and  should  roinain  in  contact  with  them  for  one  or 
two  hours.     Excreta  may  also  be  easily  disinfected  by 
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thoroughly  mixing  them  with  two  or  three  times  their 
volume  of  boiling  water,  after  which  they  are  kept  cov- 
ered until  cool. 

Sputum  in  which  tubercle  bacilli  are  present,  as  well 
as  the  vessel  containing  it,  must  be  boiled  in  2  per  cent, 
soda  solution  for  fifteen  minutes,  or  steamed  in  the  ster- 
ilizer for  at  least  half  an  hour. 

On  the  whole,  in  the  laboratory  we  should  as  yet 
rely  more  upon  the  destructive  properties  of  heat  than 
upon  those  of  chemical  agents. 

From  what  has  been  said,  the  absurdity  of  sprink- 
ling here  and  there  a  little  carbolic  acid,  or  in  placing 
vessels  of  carbolic  acid  about  apartments  in  which  in- 
fectious diseases  are  in  progress,  must  be  plain.  Treat- 
ment of  water-closets  and  cesspools  by  allowing  now 
and  then  a  few  cubic  centimetres  of  some  so-called 
disinfectant  to  trickle  througli  the  pipes  is  ridiculous. 
A  disinfectant  must  be  applied  to  the  bacteria,  and  micst 
be  in  contact  with  them  for  a  long  enough  time  to  insure 
the  desti^uction  of  their  life. 

In  the  light  of  the  latest  experiments  upon  disin- 
fectants, the  place  formerly  occupied  by  many  agents 
in  the  list  of  substances  employed  for  the  purpose  will 
most  likely  be  changed  as  they  are  studied  more  (»losely. 
The  agents,  then,  which  will  prove  of  greatest  value  in 
the  laboratory  for  the  piu'{)ose  of  rendering  infectious 
materials  harmless  are :  heat,  either  by  burning,  by 
steaming  for  from  half  an  hour  to  an  hour,  or  by  boil- 
ing in  a  2  per  cent.  scKlium  carbonate  soluticm  for  fifteen 
minutes;  3  to  4  per  cent,  solution  of  conmiercial  car- 
bolic acid ;  milk  of  lime,  and  a  solution  of  chlorinated 
lime  ("chloride  of  lime")  containing  not  less  than  0.25 
per  cent,  of  free  chlorine.  The  chloride  of  lime  from 
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which  such  a  solution  is  to  be  made  should  be  fresh 
and  of  good  quality.  Good  chlorinated  lime,  as  pur- 
chased ID  the  »hu[>s,  should  contAin  not  less  than  25  to 
30  per  cent,  of  available  chlorine.  The  materials  to  be 
disinfected  in  either  of  the  lime  solutiontj  tliould  remain 
in  them  for  about  two  hours.  The  solutions  should  be 
freshly  prepared  when  needed,  as  they  rapidly  decom- 
pose upon  standing. 

An  uiiliteptic  is  a  body  which,  by  its  presence,  pre- 
vents the  growth  of  bacteria  without  of  necessity  killing 
them.  A  body  may  l>e  an  antiseptic  without  possessing 
disinfecting  properties  to  any  very  high  degree,  but  a 
disinfectant  is  always  an  antiseptic  as  well. 

A  germicide  is  a  body  possessing  the  property  of 
killing  bacteria. 


CHAPTER   IV. 

Principles  involved  in  the  methods  of  isolation  of  bacteria  in  pure 
culture  by  the  plate  method  of  Koch— Materials  employed. 

As  was  stated  in  the  introductory  chapter,  the  isola- 
tion in  pure  cultures  of  the  different  species  that  may 
be  present  in  mixtures  of  bacteria  was  rendered  po&^^ible 
only  through  the  metho<ls  sutrgested  by  Kwh.  Since 
the  adoption  of  these  methods  they  have  undergone 
many  modifications,  but  tlie  fundamental  princij)le  re- 
mains the  same.  The  observation  which  led  to  their 
development  was  a  very  simple  one,  and  (me  that  is 
frequently  before  us.  Koch  noticed  that  on  solid  sub- 
stances, such,  for  example,  as  a  slice  of  potato  or  of 
bread,  which  had  been  exposed  for  a  time  to  the  air  and 
which  afforded  proj>er  nourishment  for  the  lower  organ- 
isms, there  developed  after  a  short  time  small  patches 
which  proved  to  be  colonies  of  bacteria.  Each  of 
these  colonies  on  closer  examination  proved  to  be,  as 
a  rule,  composed  of  distim^t  species  of  micro-organisms. 
There  was  little  tendency  on  the  part  of  these  colonies 
to  become  confluent,  and  from  the  differences  in  their 
naked-eye  appearances  it  was  easy  to  see  that  they  rep- 
Wsented,  in  the  main,  the  development  of  different 
species  of  bacteria. 

The  question  that  then  presented  itself  was  :  If  from 

^  mixture  of  organisms  floating  in  the  air  it  is  possible 

It  this  way  to  obtain  in  pure  cultures  the  component 

toividuals,  what  means  can  be  employed  to  obtain  the 
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same  results  at  will  from  mixture  of  different  species  of 
bacteria  when  found  together  under  other  conditions? 
It  was  plain  that  the  organisms  were  to  be  distinguished 
primarily,  the  one  from  tlie  other,  only  by  the  structure 
and  general  appearance  of  the  colonies  growing  from 
them,  for  by  their  morphology  alone  thia  is  impossible. 
What  means  might  be  devised,  then,  tor  separating  the 
individual  members  of  a  mixture  in  such  a  way  that 
they  would  remain  in  a  fixed  position,  and  be  bo  widely 
separated,  the  one  from  the  other,  as  not  to  interfere 
with  the  production  of  colonies  of  characteristic  npj)eai^ 
anc«,  which  would,  under  favorable  conditions,  develop 
from  each  individual  cell? 

If  one  take  in  the  hand  a  mixture  of  barley,  rye, 
eom,  oats,  etc.,  and  attempt  to  separate  the  mass  into 
its  constituents  by  picking  out  the  different  grains,  much 
difficultj'  18  experienced ;  but  if  the  handful  of  grain  be 
thrown  upon  a  large,  flat  surfaee,  as  upon  a  table,  the 
grains  become  widely  separated  and  the  task  is  con- 
siderably simplified  ;  or,  if  sown  upon  prop^T  soil,  the 
various  grains  will  develop  into  growths  of  entirely 
different  external  appramnce,  by  which  they  can  readily 
be  recognized  as  unlike  in  nature.  Similarly,  if  a  test- 
tube  of  decomjxtsed  bouillon  be  poured  upon  a  large, 
flat  surface,  the  individual  bacteria  in  the  nia.ss  are 
much  more  widely  separated,  the  one  from  the  other, 
than  they  were  when  the  Iwuillon  was  in  the  lulx' ;  but 
they  are  in  a  fluid  medium,  and  there  is  no  possibility 
of  their  either  remaining  separatetl  or  of  their  forming 
colonies  under  these  condition**,  so  that  it  is  Impossible 
by  this  means  to  pick  out  the  individuals  from  the 
mixture. 

If,  however,  some  substance  enidd  be  found  which 
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poBSCMfies  the  proix;rty  of  being  at  one  time  fluid  and 
I  at  another  time  solid,  and  whieli  could  be  added  to 
this  Itoiiillon  without  in  any  way  interfering  with  the 
life-fimctions  of  the  bacteria,  then,  as  solidification  set 
[  in,  the  organisms  could  be  fixed  in  their  positions,  and 
I  the  conditions  would  bo  analogous  to  those  seen  on  the 
I  bit  of  [Wtato. 


Gelatin  possesses  this  property,  and  it  was,  therefore, 

ised,     At  a  tenipi-rature  which  doep  not  interfere  with 

[  the  life  of  the  organistnis  it  is  quite  fluid,  whereas  wlien 

I  subjected  to  a  lower  temperature  it  solidifies,     When 
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«m»H>  («*Ii»l  it  nmy  be  kept  nt  a  temperature  favorable  to 
lltr  ^ixiwth  of  the  Itai-t^'ria  and  will  remain  in  its  solid 
«tiiiulitimi. 

Ot'lHtii)  WH."  tuldtnl  to  the  fluids  containing  mixtures 
tkt'  |tHt>t«'rM,  ami  tlu-  whwle  u'hs  then  poured  upon  a  large, 
MhI  atirtw'«\  HlUtwml  ti>  Mklidify,  and  the  results  not«d. 
tt  WHS  l^^tlMl  tltat  the  outdititMis  seen  on  the  slice  of 
tw4!«|i>  t>tMld  Iv  ix-iuvaliH-^-*! :  that  the  individuals  in  the 
mi\t>uv  \»t'  twtvria  >^w  »vH  in  the  gt'Ialin,  and,  as  on 
(Kv  i^'lrtl^v  s^'W  i«  w>hi«w« of  ty|ii*«l  nuu-nkseopie  struct- 
Hv^\  ■»•  )h)«(  th^'v  \x4ihl  rasily  he  dbtingriishcd  the  one 
li\»it  tKt>  v>ihi'i-  liy  iht-tr  iiMked-4^\-e  aiipeA ranees.  (See 
t'li;-  M*  ll  wn-i  urtiisswn',  hiiwex-vr.  to  use  a  more 
(lihiU'  >ni\u»»v  x'l"  tvjv'U-ria  than  tht-  uri^oal  deeom- 
|iik->iil  U'iiill»it.  Tlio  DitnilHT  of  inthvithnU  in  the 
liil't'  v\iti  M'  i'iu>nih>ns  that  on  the  jiehitin  plate  they 
Wviv  w  I'lctily  jMi-ketl  tnjrether  that  it  WTt-  impt»isible 
(ll  [lii'k  thi-m  out.  imi  mily  iKi-ausc  <»f  iheir  |)roxiroity 
|lii<  I'lU'  ti>  the  other,  Init  aL-^o  l>erause  this  poekinj; 
lnHi'llii'V  niatiriiilly  inlerfennl  with  the  pnNluetion  of 
H-teri-itie  diffi-n-iiees  visible  to  the  naked 
iiuuiImts  of  the  oi^nisms  were  then  dimin- 
priMt'ss  of  dihition,  ronslsting  of  tnins- 
iiall  (virlidii  of  the  original  mixture  into  a 
>  of  slerilized  ln>iiill<in  t<i  wliieli  gfhuin  had 
iiikI  iiijnefied ;  from  this  a  |Hirtk>u  was 
lliini  !ri-latiii-boTiill..ii  tube,  and  so  on. 
then  |Mnir<>d  ii|K>n  lai^ic  siirfiiccs  and  allowed 
The  result  was  entirely  satisfacfon'.  On 
plates  from  the  original  tube,  as  was  ex- 
riiliiTiies  wen'  too  niiniemiis  to  be  of  use; 
-  ina<lr  from  the  first  dilution  they  were 
ill  iiuiiilier,  but  usually  they  were  still  too 
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nuiiii'mu^  and  too  closely  packed  to  iiennit  of  cliuriic- 
teristic  growth  ;  on  the  seoond  dilution  tliey  were,  as  u 
rule,  fewer  in  niimlrer  and  widely  separated,  so  that 
the  individuals  of  each  species  were  in  no  way  pre- 
ventwi  by  the  proximity  of  their  neighbors  from  grow- 
ing tyich  in  its  typical  way.  (See  Fig,  15.)  There 
was  then  no  difficulty  in  picking  out  the  colonics  n'sult^ 
ing  from  the  growth  of  the  iliffcrent  individual  bacteria. 

••• 


Rcilcs(>r]iLnteEslir»iln^lbereeulls<>rdihiIiunu[)oiilbe  number  ofuulunits: 
A.  flute  No.  l,r]r"ori|;liial,"  It.  First  lUJulinii.  or  I'lute  Nu.  2.  C.  Secnnd 
dUutlon,  or  Pluto  Nu.  K.    Al^jnt  niic-riiDitli  nntiiiul  alH:. 

Thif,  then,  is  the  principle  underlying  Kix'h's  method 
for  the  isolation  of  bacteria  by  means  of  solitl  media. 

The  fundamental  constituent  of  the  media  employed 
is  the  bouillon,  which  contains  all  the  elements  necessary 
for  the  mttrilion  of  most  buctoria,  the  gelatin  bc'Ing  em- 
ployed simply  for  the  puqwse  of  rendering  the  bouillon 
solid.  The  medium  on  which  the  organisms  are  grow- 
ing is,  therefore,  simply  solidified   bouillon,  or   beef- 


tc«. 


In  practice,  two  forms  of  gelatin  are  employed — the 
one  an  animal  or  bone  gelatin,  the  ordinary  table  gelatin 
of  good  quality ;  Ihe  other  a  vegetable  gelatin,  known 
r-agar,  the  native  name  for  Ceylon  moss  or  Ben- 
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gal  isinglass,  which  is  obtained  from  a  group  of  algae 
growing  in  the  sea  along  the  coast  of  Japan,  China,  and 
many  parts  of  the  East,  where  it  is  employed  as  an 
article  of  diet  by  the  natives. 

Aside  from  these  differences  in  origin  of  the  two 
forms  of  gelatin  employed,  their  behavior  under  the 
influence  of  heat  and  of  bacterial  growth  renders  them 
of  different  application  in  bacteriological  work.  The 
animal  gelatin  liquefies  at  a  much  lower  temperature, 
and  also  requires  a  lower  temperature  for  its  solidifica- 
tion, than  does  the  agar-agar.  Ordinary  gelatin,  in  the 
proportion  commonly  used  in  this  work,  liquefies  at 
about  24°-26°  C,  and  becx)mes  solid  at  from  8°  to  10°  C. 
It  may  be  employed  for  those  orgjinisms  which  do  not 
require  a  higlier  temperature  for  their  development  than 
22^-24°  C  Agar-agiir,  on  the  other  hand,  does  not 
liquefy  until  the  temperature  has  reached  about  98°-99° 
C.  It  remains  fluid  ordinarily  until  the  temperature  has 
fallen  to  38°-:i9°  C,  when  it  rapidly  solidifies.  For 
our  purposes,  only  that  form  of  agjir-agar  can  be  used 
which  remains  fluid  at  from  38°  to  40°  C.  Agar-agar 
which  remains  fluid  only  at  a  temperature  above  this 
point  would  be  too  hot,  when  in  a  fluid  state,  for  use ; 
many  of  the  organisms  introduced  into  it  would  either 
be  destroyed  or  checked  in  their  development  by  so  high 
a  temperature.  Agjir-agar  is  employed  in  those  cases  in 
which  the  cultivation  must  be  conducted  at  a  tempera- 
ture above  the  meltin^-jxiint  of  gelatin. 

In  addition  to  their  differences  when  luider  the  in- 
fluence of  various  temperatures,  the  relations  of  these 
two  gelatins  to  bacteria  are  quite  distinct.  Many  bac- 
teria bring  about  altcnitions  in  gelatin  which  cause  it  to 
e  liquid  (a  process  analogous  to  j)eptonization),  in 
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which  state  it  remains.    There  are  no  known  organisms 
that  bring  about  such  a  change  in  agar-agar. 

As  a  rule,  the  colony-formations  seen  upon  gelatin 
are  much  more  cliaracteristic  than  those  which  develop 
on  agar-agar,  and  for  this  reason  gelatin  is  to  be  pre- 
ferred when  circumstances  will  permit.  Both  gelatin 
and  agar-agar  may  be  used  in  the  preparation  of  plates 
and  Esmarch  tubes,  subsequently  to  be  described. 


CHAPTEE  V. 

Preparation   of  media — BouilloD,   gcladn,   ogar-sgar,  pot&to,  blood- 

As  has  been  stated,  the  fii  ad  a  mental  eonstituent  of 
cultiire-mcdia  is  bccf-tea,  or  bouillon. 

B()UrLlx>N. — The  directions  of  Kooh  for  the  prepani- 
tion  of  this  niediiim  have  iindergimc  many  mod ifi (nations 
U>  meet  sjtccial  cases ;  but  for  general  use  his  original 
formnla  in  sttll  retained.  It  is  as  follows :  500  (grammes 
of  finely  ohoppiil  lean  beef,  fi'ee  from  fat  and  tendons, 
are  to  be  soaked  in  one  litre  of  water  for  twenty-foiir 
lionrs,  dnring  which  time  tlie  misturu  is  to  remain  in 
an  iee-chest  or  to  be  otherwise  kept  at  a  low  tempera- 
tnre.  At  the  end  of  twonty-foiir  honrs  it  is  to  be  strainod 
through  a  coarse  towel  and  pres.'^ed  nntil  a  litre  of  fluid  is 
obtained.  To  this  an^  to  l>e  added  10  grammes  (1,0  per 
cent.)  of  dried  peptone  and  5  grammes  (O.ij  jier  cent.)  of 
common  salt  (NaCl).  It  is  then  to  Ite  rendered  exactly 
ncutnil  or  very  slightly  alkaline  with  a  few  dnii»  of 
satnratt^d  sodlnni  earbomite  solution.  The  flask  con- 
taining the  mixture  is  tlien  to  Ik^  placed  either  in  a 
steam  sterilizer  or  in  a  water-lsitli,  or  over  a  free  flame, 
and  kept  at  the  boiling-point  until  all  the  albnmin  is 
coagulated  anil  the  flnid  |Mirtion  is  <)f  a  clear,  pale 
straw  color.  It  Is  then  filtered  throngh  a  foliled  pajwr 
filter  and  steriliKcil  in  the  steam  sferiiJKer  by  the  frac- 
tional metluMl.  Certain  modifications  of  this  method 
are  of  guflicient  value  to  jnstify  mention.     Most  im- 
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portant  is  the  neutralization.  Ordioarily,  ttiis  is  ac- 
complislied  witli  the  Siitiirated  sotliiiin  carbonate  solu- 
tion, and  the  reaction  is  determined  with  red  and  blue 
litmus  papers ;  for  the  beginner  this  metiiod  serves  most 
purposes. 

The  sndiuni  carboniite  soliitioD  is  not  so  good,  how- 
ever, as  a  strong  solution  of  caustic  soda  or  potash, 
because  the  carbonic  acid  liberated  from  the  sodium 
carbonate  frequently  gives  rise  to  a  confusing,  tem- 
porary acid  reaction  which  disappears  on  heating; 
nor  is  litmus  the  most  reliable  indicator  to  employ. 
To  obviate  this,  Schidtz  {Cadralb.  /.  Bokt.  u.  Paraait- 
enkunde,  1891,  B<1.  x.,  Nos,  2  and  3)  recommends  exact 
titration  with  a  solution  of  caustic  soda.  For  this  pur- 
pose a  4  jMT  cent,  sohilion  of  caustic  soda  is  prepared. 
From  this  a  0,4  per  cent,  sohition  is  made,  an<l  with  it 
the  titration  is  practised.  After  the  bouillon  has  been 
deprived  of  all  coapulable  albumin  and  blood-coloring- 
matter  by  lK)iIing  and  tiltration,  and  has  cooled  down 
to  the  temperature  of  the  air,  its  volume  is  exactly 
measured. 

From  this  a  sample  of  exactly  5or  lOc.e.  Is  then  taken, 
and  to  it  a  few  drojis  of  one  of  the  iiuliciitors  com- 
monly employtnl  in  aimly(i<'al  work  are  a(Ide<l.  Selinltji 
recommends  1  dr<)p  of  |)hcn(i!|)htak'in  solution  (1 
gramme  of  phcnolphtalctn  in  300  e.c.  of  alcohol)  to  1 
c.c.  of  iKiuilhm.  The  beaker  <-ontaining  the  sample  is 
placed  upon  white  pa|>er,  and  the  dilute  caustic  soda 
solution  is  then  allowed  to  drop  ven,-  slowly  info  it 
from  a  burette,  until  there  appears  a  very  delicate  rose 
color,  which  indicates  the  beginning;  of  alkaline  reaction. 
A  second  samjile  of  tlic  bouillon  is  treated  in  the  same 
way.     If  the  amounts  of  caustic  so<la  solution  required 
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for  each  sample  deviate  but  veiy  slightly  or  not  at  all 
the  oue  from  the  other,  the  mean  of  these  amounts  is 
bikeii  as  the  amount  of  alksili  necessary  to  neutralize 
the  quantity  of  bouillon  employed.  If  10  c.c.  of  bouillon 
were  employed,  then  for  the  whole  amount  of  1  litre 
just  100  times  as  much,  minus  that  fur  the  two  samples 
used  in  titration,  will  be  needed.  For  example :  to 
ncutruli/X!  10  c.c.  of  bouillon  2  c.e.  of  the  diluted  (0.4 
per  cent.)  cauatic  soda  solution  were  employed.  For 
the  remaining  980  c.e.  of  the  litre  of  bouillon,  then, 
lil(i  c.e.  (200  c.c.  less  4  e.c,  the  amount  employed  for  the 
two  samples  of  10  c.c.  each  of  bouillon)  are  needed  of 
the  0.4  per  cent,  solution,  or  one-tenth  of  this  amount 
of  the  4  per  cent,  caustic  stxla  solution. 

For  the  neutral i»it ion  of  the  whole  bulk  of  the 
bouillon  it  is  better  to  employ  the  stnmfier  alkaline 
solution,  as  by  its  use  the  volume  is  not  increased 
to  .so  ^reat  an  extent  its  when  the  <lilute  solution  is 
used. 

It  is  evident  that  this  method  is  much  more  exact 
than  tliat  onlinarily  eniploytd  ;  l)ut  at  the  sjime  time  it 
must  lie  remembered  that  (or  its  success  exactness  in 
the  measun-mcut  of  the  volumes  and  iu  the  pn-jKinition 
of  the  dilutions  is  reipiired.  To  obviate  error,  it  is 
better  to  eni|iloy  this  nietho<l  when  the  solutions  are  all 
cool  and  of  nearly  the  sjime  temju'mlun',  s<i  that  rapid 
fluctuations  iu  tem|»eralure,  and  ccHiseiineut  alterations 
in  volume,  will  not  materially  interfcR'  with  the  accu- 
racy of  the  results. 

This  method  of  nentnilization,  as  sufrgested  by 
Schultz,  should  lie  adopted  for  expcnmeiits  in  which  it 
is  desinible  lohavc  tile  reiiotioii  of  the  medium  accurate 
"^nd  constantly  of  the  same  degree. 
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For  the  purposes  of  the  beginner,  however,  results 
quite  satisfactory  in  their  nature  may  be  obtained  by  the 
employment  of  tlie  saturate<l  sodium  carbonate  solution 
for  neutralization,  with  litmus  paper  as  the  indieator. 
For  some  time,  liowever,  it  lias  been  our  practice  to 
employ  the  yellow  curcuma  paper  for  tlie  detection 
of  alkalinity,  rather  than  the  red  litmus  paper. 

In  the  exhaustive  paiier  of  Fuller '  on  the  question  of 
reaction  it  was  shown  that  t)ie  results  obtained  by  titrating 
the  same  culture-medium  with  the  same  alkaline  solu- 
tion differed  very  markedly  with  the  indicator  employed. 
For  instance,  a  litre  of  ordinary  meat- in  fusion  nutrient 
agar-agar  required  47  c.c.  of  a  normal  caustic  alkali 
solution  to  neutralise  it  ^hen  phenol phtulein  was  the 
indicator  used,  2H  c.r.  when  blue  litmai  was  employed, 
and  5  c.c.  when  rosolic  acid  was  substituted.  It  is 
manifest  from  this  that  the  actual  reactions  of  media, 
in  tlie  neutralization  of  which  different  indicators  ha\'e 
been  used,  may  differ  very  widely  from  one  another, 
and  that  the  re.*ult.s  of  cultivation  on  a  medium  neu- 
tralized by  one  method  are  not  fairly  connKirable  with 
those  obtained  when  another  inilirator  has  been  used. 
For  the  sake  of  uniformity  Fuller  supgests  that  bac- 
teriologists should  agree  upon  some  one  tnistworthy 
method  of  nentndizatiini  and  employ  it  to  the  exclusion 
of  other  methods.  He  nn-ommends,  as  the  procedure 
that  has  given  the  most  satisfaeton'  results  in  his  hands, 
a  modification  of  Sehultz's  methotl,  viz.,  5  c.c.  of  the 
eulture-medium  are  to  be  mixed  with  45  c.c.  of  distilled 
water  in  a  pon-elaiii  evajwrating-dish  and  lioiled  for 

'  Fullor;  "On  the  Proper  Rpnotioii  of  Nitlricnt  Mc<liH  for  lliiclrrini 
Cultivaliaii,"  Publico  Hcnllli  (JmirniU  of  the  Aini'rican  riiblic  H(«lth 

AsBocistioii),  Quarttrly  Scries,  la95,  vol.  i.  p.  381. 
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three  minutes,  after  which  1  c.e.  of  phenolphtalein 
solution  ^  is  added  and  titration  with  the  one-twentieth 
normal  caustic  alkali  solution  is  quickly  made.  The 
neutral  point  (slightly  on  the  side  of  alkalinity)  is  indi- 
cated by  the  appearance  of  a  pink  color,  the  effect  of 
the  alkali  on  the  phenolphtalein.  From  the  amount 
of  one-twentieth  normal  alkali  solution  needed  for  5 
c.c.  of  the  medium  it  is  easy  to  calculate  the  number  of 
cubic  centimetres  of  the  normal  solution  that  will  be 
required  to  neutralize  the  entire  mass. 

The  phenolphtalein  neutral  point  lies  so  high,  aver- 
aging 47  c.c  of  normal  caustic  alkali  solution  per  litre 
for  nutrient  meat-infusion  agar-agar,  and  56  c.c.  per 
litre  for  nutrient  gelatin,  that  it  is  improbable  from  ex- 
perience gained  from  the  older  methods  that  the  condi- 
tions offered  by  media  neutral  to  this  indicator  are  suit^ 
able  for  the  growth  of  all  bacteria,  so  that  with  particular 
species  it  may  be  necessary  to  determine  by  experiment 
the  degree  of  deviation  from  the  neutral  point  that  is 
best  suited  for  development.  In  Fuller's  experience  the 
degree  of  deviation  from  the  phenolphtalein  neutral 
point  that  gives  in  general  the  best  results  is  represented 
by  from  15  to  20  of  his  scale — L  c,  there  should  remain 
enough  uncombined  acid  in  a  litre  of  the  finished  me- 
dium to  require  ihefiuiher  addition  of  ciiustic  alkali  to 
the  extent  of  from  15  to  20  c.c.  of  a  normal  solution  to 
bring  the  reaction  of  the  mass  up  to  the  phenolphtalein 
neutral  point.  Thus,  for  example,  if  upon  titration  it 
should  be  found  that  to  neutralize  a  litre  of  nutrient 
meat-infusion  gelatin  by  the  phenolphtalein  process 
55  c.c.  of  normal  caustic  alkali  solution  would  be 
needed,  the  amount  actually  added  would  be  from  35 

'  A  0.5  per  cent,  solution  of  the  powder  in  50  per  cent,  alcohol. 
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to  40  C.C. — i.  e.,  from  15  to  20  c.c.  less  than  the 
amount  needed  to  bring  the  reaction  up  to  the  neutral 
point. 

Not  infrequently  the  filtered  bouillon,  neutralized 
and  sterilized,  will  be  seen  to  contain  a  fine,  flocciilent 
precipitate.  This  may  be  doe  cither  to  excess  of  alka- 
linity or.  to  incomplete  procipitjition  of  the  albumin. 
The  former  may  be  corrected  witli  dilute  acetic  or 
hydrochloric  acid,  and  the  bouillon  again  boiled,  fil- 
tered, and  sterilizeii ;  or,  if  <iuc  to  the  latter  cause,  sub- 
sequent boiling  and  filtration  usually  result  in  ridding 
the  bouillon  of  the  precipitato. 

Another  modification  now  jjcnerally  employed  is 
the  use  of  meat-extractji  insteaii  of  infusion  of  meat. 
Almost  any  of  the  meat-extracts  of  commerce  answer 
the  purpose,  thoujfh  we  usually  eruploy  Liebig's.  It 
is  used  in  the  strength  of  from  two  to  four  grammes  to 
the  litre  of  wafer.  Peptone  and  sodium  chloride  are 
added  as  in  the  bouillon  made  from  meat-infusion. 
The  advantages  of  moat-extract  are :  it  takes  less  time ; 
affords  a  solution  of  mure  uniform  composition  if  used 
in  fixed  proportions ;  and  in  general  use  gives  results 
that  are  equally  as  satisfactory  as  tliose  obtained  from 
the  employment  of  infusion  of  meat. 

Nutrient  Gelatin. — For  the  preparation  of  gelatin 
the  lx)uillon  is  first  made  in  the  way  given,  except 
tliat  its  reaction  is  corrected  aficr  the  gelatin  has 
been  completely  dissolved,  which  occurs  very  rapidly 
in  hot  bouillon.  The  reaction  of  the  gelatin  of  i-om- 
meree  is  frequently  quite  acid,  so  that  a  much  larger 
amount  of  alkali  is  needed  for  its  neutnilization  than 
for  other  media.  It  is  possible,  however,  to  obtain 
from  the  makers  an  excellent  grade  of  gelatin  from 
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which  all  acid  has  been  carefully  washed.*  The  gelatin 
is  added  in  the  proportion  of  10  to  12  per  cent.  Its 
complete  solution  may  be  accomplished  either  over  a 
water-bath,  in  the  steam  sterilizer,  or  over  a  free  flame. 
If  the  latter  method  be  practised,  care  must  be  taken 
that  the  mixture  is  constantly  stimxl  to  prevent  burn- 
ing at  the  bottom  and  consequent  breaking  of  the  flask, 
if  a  flask  is  employed. 

For  some  time  it  has  been  our  practice  to  use  enam- 
elled iron  saucepans,  instead  of  glass  flasks,  for  the 
puq)ose  of  making  both  gelatin  and  agar-agar ;  by  this 
means  the  free  flame  may  l>e  employed  without  danger 
of  breaking  the  vessel,  and,  with  a  little  care,  without 
burning  the  meilia.  lender  any  conditions  it  is  better 
to  protect  the  bottom  of  the  vessel  fnjm.the  direct 
action  of  the  flame  by  the  inter]K)sition  of  several  layers 
of  wire  gauze,  a  thin  sheet  of  asbestos-board,  or  an  ordi- 
nary cast-iron  stove-plate. 

When  the  gelatin  is  completely  meltefl  it  may  be 
filtereil  through  a  folded  paper  filter  sup|X)rted  on  an 
onlinarv  funnel ;  if  solution  is  complete,  this  should  be 
YQTy  quickly  accomplished. 

For  the  filtration  of  such  substances  as  gelatin  and 
agar-agar  it  is  of  much  iiiiportauee  to  have  a  properly 
folded  filter.  To  fold  a  filter  correctly,  pnx'eed  as  fol- 
lows :  a  eirenlar  piece  of  filter  paper  is  fi>Ided  exactly 
through  its  centre,  forming  the  fold  1,  1'  (Fig.  IG);  the 
end  1  is  then  folded  over  t<>  1',  iorniing  the  f<>ld  o;  1 
and  1'  are  each  then  brouirht  to  o,  thus  lorminir  the 
folds  *^  and  7  ;  1  is  then  carried  t<>  the  |)oiiit  7,  and  the 
fold   4   is  formed,  and  l)v  earrviiiir  1'  to  :^>  the  fold  iy  is 

*  Hestcbcrg's  ari<l-frt?e,  gold-lain'!  gelatin   has  given  us  entire  satis- 
fiiction  in  this  respect. 
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produced  ;  and  by  bringing  1  to  3  and  1'  to  7  tbe  folds 
2  and  8  result. 


Thus  far  tlie  ridges  of  all  folds  are  on  the  side  of  the 
paper  next  to  tbe  table  on  which  we  are  folding.  The 
paper  is  now  taken  up  aud  i>aeli  space  l>otween  the  seams 
just  produced  is  to  \>e  sut>dividt>d  by  a  seaiu  or  fold 
through  its  centre,  as  Indicated  by  the  dotted  lines  in 
Fig.  16,  but  with  the  creases  uu  the  side  opposite  to  that 


7 


occupied  by  the  creases  1,  2,  3,  4,  etc.,  first  made.  As 
each  of  these  folils  is  ma<le  the  paper  Is  gradually  folded 
into  a  wcilge-shaped  bundle  (Fig.  17,  n),  whieh  when 
opened  assumes  the  form  of  a  properly  folded  filter 
(seen  in  h,  Fig.  17).  Before  placing  it  ujx)n  the  fun- 
nel it  is  well  to  go  over  each  crease  and  see  that  it  is 
as  tightly  folded  as  possible,  without  tearing  it.     The 
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advantage  of  the  folded  filter  is  that  by  its  use  a  much 
greater  filtering  surface  is  obtained, as  it  is  in  contact  with 
the  funnel  only  at  the  points  formed  by  the  ridges,  leav- 
ing the  greater  part  of  the  flat  surface  free  for  filtration. 

The  employment  of  the  hot-water  funnel,  so  often 
recommended,  has  been  dispensed  with  in  this  work  to 
a  very  large  extent,  for  the  reason  that  if  solution  of 
the  gelatin  is  complete,  filtration  is  so  rapid  as  not  to 
necessitate  the  use  of  an  apparatus  for  maintaining  a 
high  temperature.  The  temperature  at  which  the  hot- 
water  funnel  retains  the  gelatin  is  so  high  that  evapora- 
tion and  concentration  rapidly  occur,  and  in  consequence 
filtration  is,  as  a  rule,  retarded.  The  filtration  is  fre- 
quently done  in  the  steam  sterilizer;  but  this  too  is 
unnecessary  if  the  gelatin  is  quite  dissolved.  At  the 
ordinary  temperature  of  the  r<K)m,  and  by  the  means 
commonly  employed  for  the  filtration  of  other  sub- 
stances, both  gelatin  and  agar-agar  may  be  rapidly 
filtered  if  they  are  completely  dissolved. 

It  not  infrequently  occurs  that,  even  under  the  most 
careful  treatment,  the  filtered  gelatin  is  not  perfectly 
transparent  (the  condition  to  which  it  must  be  brought, 
otherwise  it  is  useless),  and  clarification  becomes  neces- 
sary. For  this  purpose  the  mass  must  be  redissolved, 
and  when  at  a  temperature  between  (30°  and  70°  C.  an 
egg,  which  has  been  beaten  up  with  about  50  c.c.  of 
water,  is  a<l<led.  The  whole  is  then  thoroughly  mixed 
together  and  airain  brought  to  the  boiling-point,  and 
kept  thcn^  until  coagulation  of  the  albumin  occurs.  The 
albumin  coagulates  as  large  floeculent  masses,  and  it  is 
better  not  to  break  them  u|)  if  it  can  be  avoided,  as 
when  broken  up  into  fine  flakes  they  clog  the  filter  and 
materially  retard  filtration. 
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The  practice  sometimes  recommended  of  removing 
these  albuminous  coagula  by  first  filtering  the  gelatin 
through  a  cloth,  and  then  through  paper,  is  not  only 
superfluous,  but  in  most  instances  renders  the  process 
of  filtration  much  more  difficult,  because  of  the  disin- 
tegration of  the  masses  into  finer  particles,  which  have 
the  effect  just  mentioned,  viz.,  of  clogging  the  filter. 

Under  no  circumstances  should  a  filter  be  used  with- 
out first  having  been  moistened  w  ith  water.  If  this  is  not 
done,  the  pores  of  the  paper,  which  are  relatively  large 
when  in  a  dry  state,  when  moistened  by  the  gelatin  not 
only  diminish  in  size,  but  in  contracting  are  often  en- 
tirely occluded  by  the  finer  albuminous  flakes  which 
become  fixed  within  them,  and  filtration  practically 
ceases.  The  preliminary  moistening  with  water  causes 
diminution  of  the  size  of  the  pores  to  such  an  extent 
that  the  finer  particles  of  the  precipitate  rest  on  the 
surface  of  the  paper,  instead  of  becoming  fixed  in  Us 
meshes. 

During  boiling  it  is  well  to  filter,  from  time  to  time, 
a  few  cubic  centimetres  of  the  gelatin  into  a  test-tube 
and  boil  it  over  a  free  flame  for  a  minute  or  so  ;  in  this 
way  one  can  detect  if  all  the  albumin  has  been  coagu- 
lated— i,  €.,  if  the  solution  is  ready  for  filtration. 

Gelatin  should  not,  as  a  rule,  be  boiled  more  than 
ten  or  fifteen  minutes  at  one  time,  or  be  left  in  the 
steam  sterilizer  for  more  than  thirty  minutes ;  other- 
wise its  prop(Tty  of  solidifying  may  be  impaired. 

As  soon  as  the  preparation  of  the  gelatin  is  complete, 
whether  it  is  retained  in  the  flask  into  which  it  has 
been  filtered  or  decanted  into  sterilized  test-tubes,  it 
should  be  sterilized  in  the  steam  sterilizer  (m  three 
successive  days,  for  fifteen  minutes  each  day,  the  mouth 
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of  the  flask  or  tlic  test-tubes  eontaiiiing  it  having  been 
previously  closed  with  cotton  plugs. 

Nutrient  Agar-agak. — The  preparatioD  of  DUtrient 
agar-agar  by  the  beginner  is  far  too  frequently  a  t«diuiis 
and  time-consuming  operation.  This  is  duu  mainly  to 
lack  of  patience  and  to  deviation  from  the  rules  laid 
down  for  tlie  preparation  of  this  medium.  If  the 
directions  given  below  for  the  prei»anition  of  nutrient 
agar-agar  be  strictly  observwl,  no  dilKcnlty  wliat«ver 
should  be  encountered.  Many  methods  are  recom- 
mended for  its  preparation,  almost  every  worker  having 
some  slight  modification  of  his  own. 

The  methods  that  have  given  us  the  best  results,  and 
from  which  we  have  no  good  grounds  for  departing, 
are  as  follows: 

Prepare  the  bouillon  in  the  usual  way.  Agar^gar 
reacts  neutral  or  veiy  slightly  alkaline,  so  that  the 
bouillon  may  bo  neutralized  before  the  agar-agar  is 
addwl.  Then  add  finely  chopped  or  powdered  ^ar- 
agar  in  the  prop«jrtion  of  1  to  1..5  i>er  cent.  Place  the 
mixture  in  a  porcelain-lined  inm  vessel,  and  on  tbe  side 
of  the  vessel  make  a  mark  at  the  height  at  which  the  level 
of  the  flnid  standn;  if  a  litre  of  medium  is  being  made, 
ad<l  about  2.50  to  300  c.c.  more  of  water  and  allow  the 
mass  to  boil  slowly,  occasionally  stirring,  over  a  free 
flame,  from  one  and  a  half  to  two  hours;  or  until 
the  excess  of  wat«r — i.  e.,  the  2.30  or  300  c.e.  that 
were  added — has  evapt)nitcd.  Care  must  be  taken 
that  the  mixturi'  docs  not  boil  over  the  sides  of  the 
vessel.  From  time  to  time  observe  if  the  fluid  has 
fallen  below  its  original  level ;  if  it  has,  add  water 
until  its  volume  of  1  litre  is  restored.  Al  the  end  of 
the  time  given  remove  the  flame  and  place  the  vessel 
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containing  the  mixture  in  a  large  dish  of  cold  water ; 
stir  the  agar-agar  continuously  until  it  has  cooled  to 
about  68°-70°  C,  and  then  add  the  white  of  one  e^ 
which  has  been  beaten  up  in  about  50  c.c.  of  water ;  or 
the  ordinary  dried  albumin  of  commerce  may  be  dis- 
solved in  cold  water  in  tlie  pro|K>rtion  of  about  10  per 
cent,  and  nsed  ;  the  results  are  equally  as  good  as  when 
egg3  are  employed.  Mix  this  carefully  throughout  the 
agar-agar  and  allow  the  ma«s  to  boil  slowly  for  about 
another  half-hour,  observing  all  tlie  while  the  level  of 
the  fluid,  which  should  not  fall  below  the  litre  mark. 
It  is  necessary  t«  reduce  the  fempemture  of  the  mass 
to  the  point  given,  68°-70°  C. ;  otherwise  the  coagula- 
tion of  the  albumin  will  occur  suddenly  in  luni{>s  and 
masses  as  soon  as  It  is  added,  and  its  clearing  action 
will  not  be  uniform.  The  process  of  clariHeation 
with  the  egg  is  purely  mechanical ;  the  finer  particles, 
which  would  otherwise  pass  through  ttie  pores  of  the 
filter,  being  taken  up  by  the  albumin  as  it  coagulates 
and  being  retained  in  the  coagula. 

At  the  end  of  one-lialf  hour  the  Iwiling  mass  may 
be  easily  and  quickly  filtered  through  a  heavy,  folded 
paper  filter  at  the  room-temjifraiure ;  as  a  rule,  the 
filtrate  is  as  clear  and  transparent  as  agar-agar  usually 
appears. 

It  may  be  well  to  enijihasize  the  fact  that  for  the 
filtration  of  agar-agar  a  hot-water  funnel,  or  any  other 
special  device  fi)r  maintaining  the  temperature  of  the 
mass,  is  entirely  unnecessary.  Agar-agar  prepared  after 
the  metliwlfl  just  given  should  pass  through  a  properly 
folded  paper  filter  at  the  rate  of  a  litre  in  from  twelve 
to  fifteen  minutes. 

Another  plan  that  insures  complete  solution  of  the 
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agar-agar  without  causing  the  precipitates  often  seen 
when  all  the  ingredients  are  added  at  once  and 
boiled  for  a  long  time,  is  to  weigh  out  the  necessary 
amount  of  agar-agar,  10  or  15  grammes,  and  place  this 
in  1300  or  1400  c.c.  of  water  and  lK)il  down  over  a  free 
flame  to  1000  c.c.  The  peptone,  salt,  and  beef-extract 
are  then  added  and  the  Iwiling  c*ontinued  until  they 
are  dissolved.  The  clarification  with  egg-albumin 
may  then  be  done,  and  usually  the  mass  filters  quite 
clear  and  does  not  show  the  presence  of  precipitates 
upon  cooling.  If  the  mixture  is  positively  jjlkaline,  it 
is  not  only  cloudy,  but  it  filters  with  difficulty  ;  if  it  is 
acid,  it  is  usually  quite  clear,  and  filters  more  quickly, 
but,  as  Schultz  has  pointed  out,  it  loses  at  the  same  time 
some  of  its  gelatinizing  properties.  The  bouillon  should 
always  be  neutralized  before  the  agar-agar  is  added  to 
it ;  for  if  the  bouillon  be  acid  from  the  juices  of  the 
meat,  it  robs  the  agar-agar,  under  the  influence  of 
heat,  of  part  of  its  gelatinizing  j)ower,  which  will  not 
be  regained  by  subsequent  neutral iziit ion. 

Another  method  by  which  agjir-agar  can  be  easily 
and  quickly  melted  is  by  steam  under  pressure.  If 
the  flask  containing  the  mixture  of  bouillon  and  agar- 
agar  be  kept  in  the  dig(\ster  or  autoclave  for  ten  minutes 
with  the  steam  under  a  pressure  of  about  oni?  atmos- 
phere, as  shown  by  the  gauge,  the  agar-air^ir  will  be 
found  at  the  end  of  this  time  comph'tcly  melted,  and  fil- 
tration mav  then  beaeeomnlislied  with  but  little  diflieultv. 

If  glycerin  is  to  bo  added  t<>  tlie  aLrar-a<rar,  it  is  done 
after  filtration  and  lH'f<>re  sterilization.  The  nutritive 
proj)erties  of  the  media  f<>r  <ertain  oriranisms,  partieu- 
larlv  the  tubercle  baeilhis,  are  increased  hv  the  addition 
of  glycerin  in  the  projxjrtion  of  5  to  7  per  cent. 
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If  after  filtration  a  fint;  flocculcnt  precipitate  is  Been, 
look  to  the  reaction  of  the  medium.  If  it  is  quite 
alkaline,  neutralize,  boil,  and  filter  again.  If  the 
reaction  is  neutral  or  only  very  slightly  acid,  dissolve 
and  again  clarify  with  egg-albumin  by  the  method 
given. 

The  most  important  feature  of  all  the  media,  aside 
from  the  correct  proportion  of  the  ingredients,  is  their 
reaction.  They  must  be  neutral  or  very  slightly  alkaline 
to  litmus.  (See  remarks  on  Neutralization  of  Media.) 
Only  a  few  organisms  develop  well  on  media  of  an  acid 
reaction.  In  all  of  the  media  mentioned  above  the  meat- 
extracts  now  on  the  market  may  usually  be  substituted 
for  the  meat  itself  in  |)reparing  the  bouillon.  They 
may  be  employed  in  the  proportion  of  from  two  to  four 
grammes  to  the  litre  of  water. 

Preparation  of  Potatoes. — Potatoes  arc  prepared 
for  use  in  two  ways : 

1.  They  are  tjikcn  an  they  come  to  market — old 
potatoes  being  nsiially  rccoin mended — and  carefully 
scrubbed  under  a  water-ta|>  with  a  stiff  brush  until 
all  adherent  dirt  has  been  removed;  "the  eyes"  and 
all  discolored  or  decayed  |>iirts  are  carefully  removed 
with  a  pointed  knife.  Tlicy  are  then  placed  in  a  solu- 
tion of  corrosive  siibliniale  of  the  strcni;tli  of  1  :  1000, 
where  they  are  allowed  to  ri'niain  for  twenty  miniit'-s; 
at  the  end  of  thlH  time,  withont  rinsing  off  the  sublimate, 
they  are  placed  in  a  eovcre<i  tin  bucket  with  a  ixrforated 
bottom  and  sterilized  in  the  steam  sterilizer  for  forty- 
five  minutes.  On  the  second  and  third  days  the  steril- 
ization is  repeated  for  fift^ien  to  twenty  niiinites  each  day. 
They  must  not  be  nmioved  fn)ni  the  sterilizing  bucket 
until  sterilization  is  complete,  when  they  are  ready  for 
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use.  When  prppaivd  in  this  way  they  are  usually  in- 
t«tido(l  tu  be  eiit  in  half,  and  the  cultivation  of  the 
organisrau  is  to  be  conduct^^vl  upon  tliu  flat  surfaces 
of  the  swtions.     (Koch'a  original  methfRl.) 

This  method  requires  some  care  to  prevent  eontam- 
ination  during  nianipiilatioii.  The  hand  which  is  to 
take  np  the  potato  from  tlie  bucket,  which  until  now  has 
remained  covered,  is  firat  disinfected  in  the  sublimate 
solution  for  ten  miuntes;  the  potato  is  then  taken  up 
between  the  thumb  and  index  linger  and  eevered  in 
two  bv  a  knife  which  bus  just  been  sterilized  in  a  free 
flame  imtil  it  is  quite  hot.  The  knife  is  {Missed  not 
quite  tbrough  the  potato,  but  nearly  so.  A  lai^  glaaa 
cultnre-<Iisli  for  the  rws-ption  of  the  halvet)  of  the 
potato,  having  been  disinfected  for  twenty  minutes  with 
1  :  1000  sublimate  solution  and  then  drained  of  all  ad- 
herent solution,  should  be  at  hand  ready  for  the  potato ; 
the  cover  is  removed,  and  by  twisting  the  knife  g«ntly 
the  halves  of  the  pot^ito  may  lie  caused  to  fall  apart  in 
the  dish  and  usually  to  full  upon  their  convex  suriaces, 
leaving  the  Hat  sretions  upjK'rniost.  Tlic  cover  of 
the  dish  is  rephiced  and  the  potatixis  are  ready  for 
inocidation. 

2.  Preparation  o/polafoenfoi-  bt<Nvhe  cufhtre«.  Method 
of  Bolton}  If  the  ]>otjitoes  are  to  be  eniploye<l  for  test- 
tiil>e  cultures,  one  simply  scrubs  off  the  (^tarser  particles 
of  dirt  with  water  and  a  brush,  and  with  a  cork-borer 
punches  out  cylindrical  bits  of  potato  which  will  fit 
loosely  into  the  t^'st-tubcs  to  he  useil.  On  each  bit  of 
potato  is  then  to  Iw  cut  a  slanting  surface  running  from 
about  the  junction  of  the  first  and  sw^ond  thinls  of  the 
cylimler  to  ibe  diagonally  opjHjsite  cml.  These  cylin- 
'  ModicBl  NcBfa,  voi.  i.  of  1887,  Na  12.  p.  318. 
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dure  of  potato  arc  to  be   loft    in  rtiDanifi;  wattT  over 
night,  otherwise  they  will  be  very  much  diiwolureil  by  the 
Bteriltsuitiou  to  which  tbey  are  to  be  subjected.     After 
being  thus  waabed  they  are  placed  in  pre- 
viously prepared  test-tulws,  one  piece  in  eacb  ""  '"^ 
tube,  with  the  slanting  eud'ace  up,  the  cot- 
ton plugs  of  the  tubes  replaced,  and  they 
are  then  to  be  sterilized  in  steam  for  tiftcen 
to  twenty  minutes  on  each  of  tliree  sueeessive 
days.   Or  the  entire  sterilization  may  be  ac- 
complished in  the  autoclave,  with  thcst^am 
under  a  pressure  of  one  atmosphere,  by  a 
eingle  exposure  of  twenty  to   twenty-five 
minutes.     Potatoes  thus  prepared  have  the 
itppeanince  seen  in  Fig.  18,  except  that  there 
is  no  growth  ujKtn  the  surface  as  is  shown 
in  the  cut. 

For  some  purjHJses  potatoes  may  be  ad- 
vantageously peeled,  sliced  int*)  distw  <if 
about  1  cm.  in  thiekness,  and  placet!  in 
small  glass  dishes  provided  with  covers, 
similar  to  the  ordinary  Petri  dislies.  The 
dish  and  its  contents  are  then  sterilized 
by  steam  in  the  usual  way  (method  suggested  by  von 
Esmareh).  By  this  plan  a  relatively  large  area  for 
cultivation  is  obtained. 

Potatoes  may  also  be  boiled,  or  steamed,  and  mashed, 
and  the  mass  placed  in  covered  dishes,  test-tubes,  or 
fiaska,  and  sterilized.  By  this  method  one  obtains  in 
the  mass  a  mean  of  the  composition  of  the  several  pota- 
toes, or  bits  of  jKitafoes,  used  in  making  it,  a 
ts^  whei-e  uniformity  is  desired. 

Care  must  be  given  to  the  sterilization  of  potatoes, 
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l)ecau8c  they  always  have  adhering  to  them  the  organ- 
iHiiiH  coDinionly  found  in  the  ground,  the  spores  of  which 
are  among  the  most  resistant  known.  The  so-called 
jjotcUo  bacilluH  is  one  of  this  group ;  it  is  an  organism 
whi(;h  is  not  infrequently  more  or  less  of  an  obstacle 
to  the  work  of  the  beginner. 

liiXK)i)-KERUM. — By  the  original  method  of  preparing 
blo(Hl-s(Tum  a  great  many  precautions  were  taken  that 
hav(i  been  found  unnecessary  to  the  success  of  the  more 
modern  phms. 

It  is  j)ossible  to  collect  serum  from  small  animals  and 
in  small  cjuantities  under  such  precautions  that  it  is  per- 
haj)s  not  contaminated ;  but,  ordinarily,  for  laboratory 
purposes  a  larger  quantity  is  needed,  so  that  slaughter- 
houses are  the  source  from  which  it  is  usually  obtained, 
and  here  a  certain  amount  of  contamination  is  unavoid- 
able, though  its  extent  may  be  limited  by  proper  pre- 
C4iutions. 

The  st<*ps  formerly  thought  essential  to  the  collection 
of  bl(M)d  and  the  preparation  of  serum  for  culture  pur- 
|)oses  were  about  as  follows : 

The  animal  from  which  the  blood  is  to  be  collected 
should  be  drawn  up  to  the  ceiling  by  the  hind  legs;  the 
head  should  be  held  well  back,  and  with  one  pass  of  a 
very  sharp  knife  the  throat  should  be  completely  cut 
through.  The  blood  whieh  spurts  from  the  severed  ves- 
sels should  be  collected  in  large  glass  jars  which  have 
been  previously  cleaned  and  disiniected,  and  all  traces  of 
the  disinfectant  removed  with  alcohol  and,  finally,  with 
ether.  The  latter  evajx)rates  very  (piickly  and  leaves 
the  jar  quite  dry.  The  jars  should  be  provided  with 
covers,  which  close  hermetically  ;  these,  too,  should  be 
carefully    disinfected.     The   best    form    of  vessels   for 
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the  purpose  is  the  large  museum-jar  of  about  one 
gallon  capacity,  which  closes  by  a  cover  that  can  be 
tightly  screwed  down  upon  a  rubber  joint.  From  two 
such  jarfuls  of  blood  one  can  recover  quite  a  large  quan- 
tity of  clear  serum,  ordinarily  from  500  to  700  c.c.  The 
jars  having  been  filled  with  blooil,  their  covers  are  placed 
loosely  upon  them  and  they  are  allowed  to  stand  for 
about  fifteen  minutes  until  clotting  has  begun.  At  the 
end  of  this  time  a  clean  glass  rod  is  passed  around  the 
edges  of  the  surface  of  the  clot  to  break  up  any  adhe- 
sions to  the  side  of  the  jar  that  may  have  formed,  and 
which  would  prevent  the  sinking  of  the  clot  to  the 
bottom.  The  covers  arc  then  replaced  and  tightly 
clamped  in  position,  and  with  as  little  agitation  as  pos- 
sible the  jars  are  placed  in  an  i(!e-chest,  where  they 
remain  for  twenty-four  to  forty-eight  hours.  The 
temperature  should,  however,  not  be  low  enough  to 
prevent  coagulation,  but  should  be  sufficiently  low  to 
interfere  with  the  development  of  any  living  organ- 
isms that  may  be  present.  The  temperature  of  the 
ordinary  domestic  refrigerator  is  sufficient  for  the 
purpose.  After  twenty-four  to  forty-eight  hours  the 
clot  will  -have  become  firm,  and  will  be  seen  at  the 
bottom  of  the  jar.  Above  it  is  a  quantity  of  dark 
straw-colored  serum.  The  serum  may  then  be  drawn 
off  with  a  sterilized  pipette  and  placed  in  tall  cylinders 
that  have  previously  been  plugged  with  cotton  wadding 
and  sterilized.  After  treating  all  the  serum  in  this  way, 
care  having  been  taken  to  exclude  as  much  as  possible  of 
the  coloring-matter  of  the  blood,  it  may  be  placed  again 
in  the  ice-chest  for  twenty-four  hours,  during  which 
time  the  corpuscular  elements  will  sink  to  the  bottom, 
leaving  the  supernatant  fluid   quite  clear.     This  may 
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tlien  Ije  pippttc<I  uif,  oithur  into  skTilizetl  t«st-tiibo8, 
about  8  c.c.  to  cucli  tube,  or  into  small  sterilized  flasks 
of  about  100  c.c.  capacity.  It  is  then  to  be  steriiii^ed 
by  the  intermittent  method  at  low  (emperaiurca,  viz.,  for 
one  honr  on  t-acb  of  five  consecutive  days  at  a  tempera- 
ture of  68°-70°  C  During  the  intervening.days  it  is 
to  he  kept  at  the  room-temporature  to  i>errait  of  the 
development  of  any  spores  that  may  be  present  into 
their  vegetative  forms,  in  which  condition  tiiey  are 
billed  by  an  hour's  exposure  to  the  temperature  of 
70"  C. 


At  the  end  of  this  time  the  senim  in  the  tubes  may 
either  he  retained  as  fluid  eernni  or  wjlidifiednt  between 
TS^-SO"  C  In  solidifjHng  the  aernm  the  tubes  should . 
lie  placed  in  an  inclined  position,  so  that  as  (jreat  a  ear- 
fstff  us  jHissible  may  l)e  given  to  the  seriun.  The  proo- 
)lidi(ication  requires  constant  attention  if  good 
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results  are  to  be  obtained — i.  e.,  if  a  translucent,  solid 
medium  is  the  result.  If  the  old,  small  form  of  appa- 
ratus be  employed  (Fig.  19),  the  solidification  can  be 
accomplished  in  a  shorter  time  than  if  the  larger 
forms  commonly  employed  are  used.  No  definite 
rule  for  the  time  that  will  be  recjuired  can  be  laid 
down,  for  this  is  not  constant.  If  the  small  solidify- 
ing apparatus  be  used,  very  good  results  may  be  ob- 
tained in  about  two  hours  at  78°  C.  It  frequently 
requires  a  longer  time  at  a  higher  temperature  than 
has  been  mentioned.  This  is  especially  the  case  with 
Loflfler's  serum-mixture. 

The  best  results  are  obtained  when  a  low  temjierature 
is  employed  for  a  long  time.  Under  any  circumstances 
the  tubes  should  be  observed  from  time  to  time  through 
the  glass  door  or  cover  with  which  the  solidifying  oven 
is  provided,  and  each  time  the  oven  should  be  slightly 
jarred  with  the  hand  to  see  if  solidification,  as  indi- 
cated by  the  disappearance  of  tremors  from  the  senim, 
is  beginning.  If  the  temperature  gets  too  high,  or  the 
exposure  is  too  long,  an  opaque  medium  results.  The 
temperature  to  be  observed  is  that  of  the  air  inside 
the  chamber,  and  also  that  of  the  water  surrounding  it. 
The  latter  is  usually  a  degree  or  two  higher  than  the 
former.  The  tubes  should  not  rest  directly  upon  the 
heated  bottom  or  agtiinst  the  heated  sides  of  the  cham- 
ber, but  should  lie  upon  racks  of  wood  or  wire,  and  be 
protected  from  the  sides  by  a  wire  screen  or  gauze  :  in 
this  way  all  the  tubes  are  exposed  to  about  the  siuiie 
temperature.  The  thermometer  which  indicates  the 
temperature  inside  the  chamber  should  not  touch  the 
surfaces,  but  should  either  be  suspended  free  from 
above  through  a  cork  in  the  top  of  the  apparatus,  if 
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a  large  form  of  apparatus  be  used ;  or  should  lie  upon 
a  rack  of  cork  or  wood,  its  bulb  being  free  and  a  little 
lower  than  the  other  extremity,  if  the  small,  old-fash- 
ioned apparatus  of  Koch  be  employed.  The  latter  form 
is  preferable,  as  it  is  more  easily  managed. 

When  solidification  is  complete  the  tubes  are  to  be 
retained  in  the  erect  position,  and,  unless  they  are 
intended  for  immediate  use,  must  be  prevented  from 
drying.  The  superfluous  ends  of  the  cotton  plugs 
should  be  burned  off,  and  the  mouths  of  the  tubes  may 
then  be  covered  by  sterilized  rubber  caps,  or,  as  Ghris- 
key  suggests,  they  may  be  closed  with  sterilized  corks 
pushed  in  on  top  of  the  cotton  plugs.  Even  with  the 
greatest  care  it  not  uncommonly  happens  that  one  or 
two  of  a  lot  of  tubes  thus  prepared  and  pmtected  will 
become  contaminated.  This  is  usually  due  to  spores  of 
moulds  that  have  fallen  into  the  rubber  caps  or  on  the 
cotton  plugs  during  manipulation,  and,  finding  no 
means  of  outward  growth,  have  thrown  their  hyphae 
downward  through  the  cotton  into  the  tube,  and  their 
spores  have  fallen  on  the  surface  of  the  serum  and 
developed  there. 

The  fon»g()ing  is,  in  the  main,  the  j)lan  originally 
recommended  by  Koch  for  the  preparation  of  this 
medium.  In  recent  times,  however,  particularly  since 
the  diagnosis  of  diphtheria  by  the  method  of  Loffler  has 
become  so  general,  and  large  (juantities  of  serum-tubes 
have  been  found  necessary,  a  modification  has  been 
suggested  that  has,  in  this  count ry  at  Ica^t,  almost  en- 
tirely supplanted  the  method  of  Koch.  The  popularity 
of  the  ( 'oinn'ilrnan-Mallorv  method  is  dni'  to  the  fi»l- 
lowiiii^  farts:  hv  it  the  sernni  is  more  uuieklv  and 
easily  prepared  ;  riL^id  j)reeautions  agjiinst  contamination 
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during  collection  of  the  serum  are  not  so  necessary ;  and 
the  resulting  medium,  while  not  transparent  or  even 
translucent  (points  aimed  at  in  the  original  method), 
fully  meets  all  the  requirements. 

The  special  points  in  the  method  are :  the  serum  is 
decanted  into  test-tubes  as  soon  as  obtained ;  it  is  then 
firmly  coagulated  in  a  slanting  position  in  the  dry-air 
sterilizer  at  from  80°  to  90°  C. ;  it  is  then  sterilized  in 
the  steam  sterilizer  at  100°  C.  on  three  successive  days, 
as  in  the  case  of  other  culture-media.  It  may  then  be 
protected  against  evajx)ration  by  sterilized  rubber  caps 
or  sterilized  corks  in  the  way  already  described,  and  set 
aside  until  needed. 

Unless  the  coagulation  in  the  dry  sterilizer  be  com- 
pletej  the  surface  of  the  serum  will  be  found  to  be  blis- 
tered and  pitted  by  bubbles  and  cavities  after  it  has 
been  subjected  to  the  steam  sterilization.  A  similar 
formation  of  cavities  over  the  surfa(;e  of  the  scrum  will 
occur  if  the  temperature  of  the  hot-air  sterilizer,  in 
which  it  is  solidified,  is  allowed  to  get  above  90°  C, 
or  if  it  be  elevated  to  this  point  too  quickly. 

It  is  of  no  special  a(lvanta<^e  to  have  tlie  serum  clear, 
as  the  admixture  of  blood-eoloring-matter  does  not  affect 
its  nutritive  properties. 

It  is  often  desirable  to  obtain  small  quantities  of  blood- 
serum  under  strictly  aseptic  precautions,  and  for  this  pur- 
pose Nuttall  (Cent raJh.  fur  Bald,  n  Parmifenkunde,  1892, 
Bd.  xi.  p.  539)  sut!:gests  a  very  convenient  m(»thod.  liy 
the  use  of  a  sterilized  vessel,  of  the  shape  shown  in  Fig. 
20,  from  10  to  100  c.c.  of  blood  can  be  collected,  and  if 
proper  precautions  are  observed  no  contami nation  by 
bacteria  need  occur.  The  collecting  bulb  is  used  in  the 
following  way :  an  artery,  either  femoral  or  carotid,  is 
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exposed,  and  around  it  two  ligatures  are  placed  ;  that 
distant  from  the?  heart  is  tightened,  while  the  one  near- 
est the  heart  is  left  loose ;  between  the  latter  and  the 
heart  the  artery  is  clamped.  A  small  slit  is  then  made 
in  its  wall,  into  which  the  point  a  of  the  bulb  is  intro- 
duced and  the  artery  bound  tightly  around  it  with  the 
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Nuttall's  bulb  for  collecting  blood-scrum  under  antiseptic  precautiona. 

hitherto  loose  ligature  ;  the  damp  is  removed  and  the 
bull)  quickly  fills  with  blmHl.  The  clamp  is  now  again 
put  in  position,  the  point  of  the  bulb  removed  and 
seale<l  in  a  gas-flame,  the  loose  ligature  tightened, 
the  wound  ch)sed,  and  tlic  bulb  containing  the  blood  is 
sc^t  aside  in  a  cool  place  until  coagulation  has  occurred. 
The  serum  is  most  easily  withdrawn  fn)m  the  bulb  by 
means  of  a  pijx^ttc,  (»1os(h1  above  with  a  cotton-plug,  and 
supplicil  with  a  piece  of  rubber-tubing  about  one-half 
metre  loii^,  with  glass  inouth-i)itMH'.  Hy  holding  the 
pijM'ttc  iix  the  hand  and  sucking  \\\m\\\  \\w  rubber  tube 
f^t}  can  ixxoTV  easily  dinvt  i\\v  iK)int  ot*  the  pipette  than 
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if  it  is  used  in  tlje  ordinary  way.  The  bidbs  are  euriily 
blowD,  aud  afUr  )iuving  Iweii  sealed  at  tlic  ]x>int  and 
plumed  witli  cotton  ciit]  be  kujit  on  li:ind  jiiMt  us  nrv 
Bterilized  test-tiilws. 

It  is  suuietinieH  desirable  to  preserve  blood-s 
a  fluid  state.  This  can  be  done  by  tlie  fruclionul  metliod 
of  afcerilization  at  low  tcmpenitures,  already  described, 
or  with  luuch  lesa  efTort,  and  without  the  use  of  heat, 
by  a  methird  that  we  liave  found  very  satisfactory.  In 
the  course  of  Kirschner'a  investi^tions  chloroform  was 
shown  to  possess  decided  disinfet'tant  properties ;  as  it  is 
quite  volatile,  it  is  easily  got  rid  of  when  its  disinfectant 
or  antiseptic  properties  are  no  longer  required.  If,  there- 
fore, the  scrum  to  lie  preserved  be  placed  in  a  closely 
Stoppered  flask  and  enoiigli  chloroform  luided  to  form  a 
thin  layer,  almut  2  ram.,  on  the  bottom,  the  st^rum  may 
be  kept  indefinitely  without  contamination,  so  long  as 
the  chloroform  is  not  permitted  to  evaporate.  When 
required  for  use  the  serum  is  decanted  into  test-tubes, 
which  are  then  placed  in  a  water-hath  at  about  50°  C. 
until  all  the  chloroform  has  been  driven  ofl";  this  can 
be  dcterniineil  by  the  absence  of  its  characteristic  odor. 
The  serum  may  then  be  solidilie<l,  sterilized  by  heat, 
and  employed  for  culture  purposes.  We  have  found 
eeram  so  prei^erved  to  answer  all  requirements  as  a  cul- 
ture-medium. 

Speciai,  Media. — The  media  just  described — bou- 
illon, nutrient  gelatin,  imtrient  iigar-agar,  p()tato,  and 
blood-serum — are  those  in  general  use  in  the  laboratory 
fiit  purposes  of  isolation  and  study  of  the  ordinary 
19  of  baeleria.     For  the  finer  points  of  diffcrentia- 

I'tion  special  media  have  been  suggested ;  a  few  of  them 

WwfOX  be  mentioned. 
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MUL  Freeh  milk  should  be  allowed  to  stand  over 
night  in  an  iai-chest,  the  cream  then  removed,  and  the 
remainder  of  the  milk  pipetted  into  test-tubes,  about 
8  c.c.  to  each  tube,  and  sterilized  by  the  intermittent 
process,  at  the  temperature  of  steam,  for  three  succes- 
sive days. 

The  separation  of  the  cream  may  he  accelerated  and 
rendered  more  complete  if  the  cylinder  containing  the 
milk  be  placctl  in~  the  steam  sterilizer  lor  fifteen  minutes 
before  it  is  placed  in  the  ice-chest. 

The  cream  is  beut  separated  from  the  mi)k  by  the  use 
of  a  cylindrical  vessel  with  a  stoi)eock  at  the  Iwttom,  by 
means  of  which  the  milk,  devoid  of  cream,  may  be 
drawn  off".  A  Che\'alier  creanioineter  with  a  stopcock 
at  the  bottom  serves  the  purjwse  very  well.  It  should 
be  covered  while  standing.' 

Milk  may  be  used  as  a  culture-ine<ii\ira  without  any 
addition  to  it,  or,  before  sterilizing,  a  few  drops  of 
litmus  tincture  may  be  added,  jnst  enough  to  give  it  a 
pale-bitie  color.  By  this  means  it  will  be  seen  that 
different  ot^nisms  bring  alwut  different  reactions  in 
the  medium:  some  prcxlucing  alkalies,  which  cause  the 
blue  color  to  be  intensified ;  others  producing  acids,  which 
change  it  to  red;  while  others  bring  about  neither  of 
these  changes.  Similarly  litmuN  solution  is  often  added 
to  g<-latin  aii<l  agar-ag-.ir  for  the  .same  jturpose. 

Milk  miiy  also  he  employed  as  a  solid  culture-medium 
by  the  addition  to  it  of  gelatin  or  agar-agar  in  the  pro- 
portions given  for  the  pri'|»tiration  of  ordimiry  nutri- 
ent gelatin  or  agnr-agar.     It  has,  however,  in  this  form 

'  Fur  snmv  time  pnst  nrc  have  )h'pii  iisine  whiit  in  t<H-linirnU.v  known 
an  "«-p;init»r  milk"-  J.  c,  llu-  tliiid  h-H  iiflcr  milk  has  Iwen  dtprived 
of  in  Jilt  (ireaiui  hj-  ciutrituijHl  forec. 
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the  disadvantage  of  iiot  beiug  trungparcnt,  aiul  can 
therefore  best  be  used  for  tlie  atiitly  of  tiiofw  or^iiii»iii8 
which  grow  upon  tho  surfu<M;  of  the  nit-diiim  without 
causing  liquefaction. 

Nutrient  gelatin  and  ugar-agar  <-uii  also  1>g  pn'jiarcd 
from  neutral  milk-whey,  obtained  from  iiiiik  aitiT  pre- 
cipitation of  the  casein. 

Dunham'g  peptone  solution.  The  iiit'diiini  usually 
known  aa  Dunliani's  solution  \»  prepared  ac^-urding  to 
the  following  formula : 

Diied  twptvoe 1     part. 

Sudiam  chloride     il.r>    '' 

Dutilled  water ,   .   .    ,        lou    ibUb. 

It  ifl  iiBiially  of  a  iicutnil  or  flightlv  alkaline  reac- 
tion, and  neutralization  is  not,  then-liirc,  iieecssiir)'. 
It  is  filtered,  dut»nte<l  inl()  tubes  ()r  Hasks,  and  ster- 
ilized in  tbc  steam  .■itcrilizer  in  the  i.nlinary  way, 
Tlie  most  common  use  to  whieli  litis  sobition  is  put 
is  in  det<'miining  if  tlte  ()r(ranism  rnider  coiisideni- 
tion  posseracs  the  jimiK'rty  of  pniiluiiiig  inilol  as  one 
of  i(a  metalHiIie  pnMlnets.  It  is  esscnlial  for  aiiu- 
racy  that  the  pn-[)iirii1  ii m  of  <lrie<l  |Kj)toue  eniployed 
tihonld  be  m  nearly  (IieiiiTcally  pun'  as  is  jKissible, 
and  indeed  tbe  ollnr  injin-dieiits  slunilii  be  enrre- 
spondingly  free  fnnu  iiupurities.  (inrini  (< 'rnlnilli/ii/l 
f&r  Bakterif^tHiiv  luxt  I'unmln.ho,,,!,;  IXii.-,,  ltd.  xiii. 
p.  790)  calls  atteniion  to  tlie  fint  ttiiil  iiupurities  in 
the  peptone,  iKirtienlarly  tlie  preseiiei-  of  earl.ol iydr.it es, 
«)  interfere  with  the  pr.«Iu.tinii  ..I'  iiidol  by  «-ertain 
bacteria  that  otherwise  ])r<Mliiee  il,  tli:it  it  is  olltiuie« 
imp(K<sible,  under  sueh  eireuiiistiun-es,  i.i  ubtain  the 
characteriHtie  eolor- react  ion  t)f  tlii.-s  bixly,  and  wIhti'  it 
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is  obtained  it  is  always  after  a  much  longer  time  than  is 
tlie  case  where  peptone  free  from  these  substances  has 
been  used. 

Peckham  has  also  demonstrated  that  where  bacteria 
have  the  propc^rty  of  forming  indol  and  also  of  fer- 
menting carbohydrates,  their  proteolytic  function,  as 
evidenced  by  the  appearance  of  indol  as  a  product 
of  metabolism,  may  l>e  completely  suppressed  by  the 
addition  of  sucli  fermentable  carbohydrates  as  glucose, 
saccharose,  and  lactose  to  the  proteid  solution  in  which 
they  are  developing.' 

Gorini  suggests  the  advisability  of  testing  the  puri^ 
of  all  peptone  preparations  before  using  them,  by  means 
of  the  reaction  that  they  exhibit  with  Fehliiig's  alka- 
line copper  solution.  Under  the  influence  of  this 
agent  pure  peptone  in  solution  gives  a  violet  color  (the 
biuret  reaction),  which  remains  permanent  even  after 
boiling  for  five  minutes.  If,  instead  of  a  violet  color, 
there  ap(>cars  a  red  or  reddish -ye  How  precipitate,  the 
peptone  slioiild  be  discanled,  as  in  his  experience  no 
indol  is  produced  from  peptone  giving  this  reaction. 
Both  the  peptone  solution  ami  that  of  the  copper  (par- 
ticularly tlie  latter)  should  be  relatively  dilute  in  order 
for  tlic  reacrtion  to  be  successful. 

Prptonr  rono/h  achl  mhdion.  Peptone  solution  con- 
fciiiiinprosolic  ai-id  serves  well  for  the  detection  of  alter- 
ations in  n'uction.  It  consistt*  of  the  jH'ptone  solution 
of  I>uiili!im,  to  each  100  c.r.  of  wliich  2  c.c.  of  the 
following  solution  are  added  : 


'  See  -liiumal  of  Exjipi 
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This  is  to  be  Iwilotl,  filtered,  and  decanted  into  clean, 
sterilized  test-tiibea,  about  8  to  10  c.c.  to  each  tube. 
The  tubes  arc  then  to  be  sterilized  in  the  usual  way  by 
Bteain.  When  sterilization  is  complet«d  and  the  tubes 
cooled  the  solution  will  be  of  u  very  pale  rose  color, 
which  disappears  entirely  under  the  action  of  acids,  but 
becomes  much  more  intense  under  the  influence  of  alka- 
lies. We  have  used  thiw  solution  for  some  time  for  the 
study  of  the  reactions  jirrHluccd  l>y  different  organisms, 
and  find  it  a  vahiable  addition  to  our  means  of  differen- 
tiating bacteria. 

Rosolic  acid  cannot  be  used  in  solutions  containing 
glucose,  as  the  reducing  action  of  the  latter  deprives  it 
of  its  color. 

Ladosc  lihniiH-tignr,  or  IkmuK-iji-hithi  of  Wuiiz.  A 
medium  of  much  use  in  the  differentiation  of  bacti'ria 
ifi  that  recommended  by  Wurtz,  consisting  of  slightly 
alkaline  nutrient  agar-agar,  to  which  from  2  to  3  i»ep 
cent,  of  lactose  and  sufficient  litmus  tincture  to  give 
it  a  pale-bine  color  have  been  added.  Ricteria  capable 
of  causing  f(;micntation  of  lactose  when  grown  on  this 
medium  develop  info  colonies  of  a  pnle-pink  color  and 
cause,  likewise,  a  red<lening  of  the  surrounding  medium, 
owing  to  the  pro<lnction  of  acid  as  a  result  of  their 
action  upon  the  lactose ;  while  other  l)act<-ria,  incajtable 
of  such  fermentative  activities,  grow  as  pale-blue  colonies 
and  cause  no  reildening  of  the  surrounding  medium. 
It  is  especially  useful  in  the  differentiation  of  the  bacillus 
of  typhoid  fever,  wliicli  does  not  possess  the  property 
of  bringing  about  fermentation  of  lactose,  from  other 
danisms  that  simulate  it  in  many  other  respects,  but 
which  do  possess  this  projiertv. 

Its  preparation   is  as  follows :  to  nutrient  agar-agar 
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or  gelatin,  the  alkalinity  of  which  is  such  that  1  c.c. 
will  require  0.1  c.c.  of  a  1  :  20  normal  sulphuric-acid 
solution  to  neutralize  it,  lactose  is  added  in  the  propor- 
tion of  2  or  3  per  cent. ;  it  is  then  decanted  into  test- 
tubes  and  sterilized  in  the  usual  way.  When  ster- 
ilization is  complete  enough  sterilized  litmus  tincture 
should  be  added  to  each  tube  to  give  a  decided,  though 
not  verv  intense,  blue  color.  This  must  be  done  care- 
fully,  to  avoid  contamination  of  the  tubes  during  ma- 
nipulation. It  is  better  not  to  add  the  litmus  tincture 
before  sterilizing  the  tubes,  as  its  color-characteristics 
are  altered  by  contact  with  organic  matters  under  the 
influence  of  heat.  This  medium  is  used  for  both  test- 
tube  and  plate  cultivation,  just  as  is  ordinary  agar-agar 
and  gelatin. 

Ijoffler's  blood-serum  mixture,  Loffler's  blood-serum 
mixture  consists  of  one  part  of  neutral  meat-infusion 
bouillon,  containing  1  per  cent,  of  grape-sugar,  and 
three  parts  of  blood-serum.  This  mixture  is  placed  in 
test-tubes,  sterilized,  and  solidified  in  exactly  the  way 
given  for  blood-senmi.  It  requires  for  its  solidification 
a  somewhat  higher  temperature  and  a  longer  exposure 
to  this  temperature  than  does  l)l(X)d-serum  to  which  no 
bouillon  has  been  added.  (See  also  the  tV)uncilman- 
Mallory  metho<l.) 

Gufiruiari\s  agar-gelntin : 

Meat-infusion 950  c.c. 

Scxlium  chloride T)  pmmmes. 

Peptone 2r>  :{f)    " 

(telatin 10  (;o     " 

Aj^ar-aKar .V-1       " 

Water .V)  v.c. 

The  special  point  in  the  prcjiaratioii  of  this  medium 
is  its  reaction,  which  should  i)c  exactly  neutral. 
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The  full  list  of  special  media  is  too  extensive  to  be 
given  in  a  book  of  this  size.  For  their  description  the 
reader  is  referred  to  the  current  literature.  Those  that 
have  been  given  above  will  suffice  for  obtaining  a  clear 
understanding  of  the  principles  of  the  subject. 


Note. — The  term  "  meat-infusion  "  always  implies  a 
watery  extract  of  meat  made  by  mixing  500  grammes 
of  finely  chopped  lean  meat  and  1  litre  of  water,  and 
allowing  them  to  stand  in  a  cool  place  for  twenty-four 
hours.  At  the  end  of  this  time  the  fluid  portion  is 
strained  off  through  a  coarse  towel,  and  this  is  what  is 
meant  by  the  "  meat-infusion.'' 


CHAPTER   VI. 


Preparation  of  the  tabes,  flasks,  etc.,  in  which  the  media  are  to  be 

preserved. 

While  the  media  are  in  course  of  preparation  it  is 
well  to  get  the  test-tubes  and  flasks  ready  for  their 
reception^  and  it  is  essential  that  they  should  be  as  clean 
as  it  is  possible  to  make  them.  For  this  purpose  it  is 
advisable  that  both  new  tubes  and  those  which  have 
previously  been  used  should  be  boiled  for  about  thirty 
to  forty-five  minutes  in  a  2  to  3  per  cent,  solution  of 
common  soda ;  it  is  not  necessary  to  be  exact  as  to 
strength,  but  it  should  not  be  weaker  than  this.  At  the 
end  of  this  time  they  are  to  be  carefully  swabbed  out 
with  a  cylindrical  bristle  brush,  preferably  one  with 
a  reed  liandle  (Fig.  21,  a),  as  those  with  wire  handles 

Fio.  21. 
a 


iiiiiiiiiiiiiiiii|jjn^||inmiiwiiwiii^^ 
Brushes  for  cleaninpr  test-tubes. 

are  apt  to  break  through  the  bottoms  of  the  tubes, 
thoupfh  Messrs.  Lentz  &  Sons,  of  this  city,  have  in 
]ar<rv  part  oliniinatod  this  objection  from  the  wire-handle 
brush  depicted  in  Fig.  21,  6.     All  traces  of  adherent 
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material  should  be  carefully  removed.  When  the  tubes 
are  quite  clean  they  may  be  rinsed  in  a  warm  solution 
of  commercial  hydrochloric  acid  of  the  strength  of 
about  1  per  cent.  This  is  to  remove  the  alkali.  They 
are  then  to  be  thoroughly  rinsed  in  clear,  running  water, 
and  stood  top  down  until  the  water  has  drained  from 
them.  When  dry  they  are  to  be  plugged  with  raw 
cotton ;  this  requires  a  little  practice  before  it  can  be 
properly  done.  The  cotton  should  be  introduced  into 
the  mouths  of  the  tubes  in  such  a  way  that  no  cracks 
or  creases  exist.  The  plug  should  fit  neither  too  tightly 
nor  too  loosely,  but  should  be  just  firmly  enough  in 
position  to  sustain  the  weight  of  the  tube  into  which 
it  is  placed  when  held  up  by  the  portion  w  hich  projects 
from  and  overhangs  the  mouth  of  the  tube.  The  tubes 
thus  plugged  are  now  to  be  placed  upright  in  a  wire 
basket  and  heated  for  one  hour  in  the  hot-air  sterilizer 
at  a  temperature  of  about  150°  C.  A  very  good  guide 
for  this  process  of  sterilization  is  to  observe  the  tubes 
from  time  to  time,  and  as  soon  as  the  cotton  has  become 
a  very  light-brown  color,  not  deeper  than  a  dark-cream 
tint,  to  consider  sterilization  complete.  The  tubes  are 
then  removed  and  allowed  to  cool. 

The  cotton  used  for  this  purpose  should  be  the  ordi- 
nary cotton  batting  of  the  shops,  and  not  absorbent 
cotton ;  the  latter  becomes  too  tightly  packed,  and  is, 
moreover,  much  too  expensive  for  this  purpose. 

Care  should  be  taken  not  to  bum  the  cotton,  other- 
wise the  tubes  vn\\  become  coated  with  a  dark-colored, 
empyreumatic,  oily  deposit,  which  necessitates  recleans- 
ing. 

Filling  the  Tubes. — When  the  tubes  are  cold 
they  may  be  filled.     This  is  best  accomplished  by  the 
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use  of  a  separating  funnel,  such  as  is  shown  in  Fig. 
22.  The  liquefied  medium  is  poured  into  this  funnel, 
which  has  been  carefully  washed,  and  by  pressing  the 
pinchcock  with  which  the  funnel  is  provided  the  desired 
amount  of  material  (5-10  c.c.)  may  be  allowed  to  flow 
into  the  tubes  held  under  its  opening.  It  is  not  neces- 
sary to  sterilize  the  funnel,  for  the  medium  is  to  be  sub- 
jected to  this  process  as  soon  as  it  is  in  the  test-tubes. 


FlO.  22. 


Funnel  for  filling  tubes  with  culturo-media. 


Care  should  be  taken  tliat  none  of  tlio  nu'diuni  is 
droppcnl  upon  tlio  moutli  of  the  trst-tnhc,  otiierwise  the 
cotton  pillar  i)('<'oni('s  iidliciTnt  to  it,  and  is  not  only 
difficult  to  HMDovo,  hut  presents  a  v(rv  nntidv  appear- 
ance and  interfiTos  niatorially  with  the  manipulations. 
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As  soon  as  the  tubes  have  been  filled  they  are  to  be 
sterilized  in  the  stexim  sterilizer  for  fifteen  minutes  on 
each  of  three  successive  days.  During  the  intervening 
days  they  may  be  kept  at  the  ordinary  room-tempera- 
ture. 

When  sterilization  is  complete  and  the  medium  in 
the  tubes  is  still  liquid^  some  of  them  may  be  placed  in 
a  slanting  position,  at  an  angle  of  about  ten  degrees 
with  the  surface  on  which  they  rest,  and  the  medium 
allowed  to  solidify  in  this  position.  These  are  for  the 
so-called  slant-cultures.  The  remainder  may  solidify  in 
the  erect  position ;  these  serve  for  making  plates. 

For  Esmarch  tubes  not  more  than  5  c.c.  of  material 
should  be  placed  in  each  tube,  as  more  than  this  renders 
it  difficult  to  distribute  the  gelatin  evenly  over  the  inner 
sur&ce  of  the  tubes  when  they  are  rolled. 


CHAPTER  VII. 

Technique  of  making  plates — Esmarch  tubes,  Petri  plates,  etc. 

Plates. — The  plate  method  can  be  employed  with 
both  agar-agar  and  gelatin.  It  cannot  be  practised  with 
blood-serum,  because  the  serum  when  once  solidified 
cannot  be  again  liquefied. 

Plates  are  usually  referred  to  as  "  a  set."  This 
term  implies  three  individual  plates,  each  representing 
a  mixture  of  organisms  in  a  higher  state  of  dilution. 
The  first  plate  is  known  usually  as  ^^  the  original,"  or 
"plate  No.  1,"  the  first  dilution  from  this  as  "plate 
No.  2,"  and  the  second  as  "  plate  No.  3." 

In  the  preparation  of  a  set  of  plates  the  following 
are  the  steps  to  be  observed  : 

Three  tubes,  each  containing  from  7  to  9  c.c.  of  gela- 
tin or  agar-agar,  are  placed  in  a  warm  water-bath 
until  the  medium  has  become  liquid.  If  agar-agar  is 
employed,  this  is  accomplished  at  the  boiling-]K)int  of 
water ;  if  gelatin  is  used,  a  much  lower  temperature 
suffices  (35^-40°  C).  When  liquefaction  is  complete 
the  temperature  of  the  water,  in  the  case  of  agar-agjir, 
must  be  reduced  to  41°-42°  C,  at  which  temperature 
the  agar-agar  remains  liquid,  and  the  organisms  may 
be  introduced  into  it  without  fear  of  destroying  their 
vitality.  Tiie  medium  being  now  liquid  and  of  the 
proper  temperature,  a  very  small  portion  of  the  mixture 
'^^  nfieaiiifims  to  be  studied  is  taken  up  witii  a  sterilized 
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platinum  wire  (Fig.  23,  a)  about  5  era.  long,  twisted 
into  a  small  loop  at  one  end  and  fused  into  a  bit 
of  glass  rod,  which  serves  as  a  handle,  at  the  other 
extremity.  This  loop  is  one  of  the  most  useful  of  bac- 
teriological instruments,  as  there  is  hardly  a  manipula- 
tion into  which  it  does  not  enter.  Under  no  circum- 
stances is  it  to  be  employed  without  having  been 
passed  through  a  gas-flame  until  quite  hot,  for  the 
purpose  of  sterilization.      One   should   form   a   habit 

Fio.  23. 
a 


b 
Looped  and  straight  platinum  wires  in  glass  handles. 

of  never  taking  up  one  of  these  platinum-wire  needles, 
as  they  are  called,  for  they  are  curved  and  straight  (Fig. 
23,  6)  as  well  as  looped,  without  passing  it  through 
a  flame ;  and  the  sooner  the  beginner  learns  to  do  this 
as  a  reflex  action,  the  sooner  does  he  eliminate  one 
of  the  possible  sources  of  error  in  his  work.  It  must 
be  remembered,  though,  that  it  should  not  be  used  when 
hot,  otherwise  the  organisms  taken  upon  it  will  be  killed 
by  the  high  temperature ;  after  sterilization  in  the  flame 
one  waits  for  a  few  seconds  until  it  is  cool  before  using. 
A  minute  portion  of  the  material  under  consideration 
is  transferred  with  the  sterilized  loop  into  tube  No.  1, 
"  the  original,"  where  it  is  thoroughly  disintegrated  by 
gently  rubbing  it  against  the  sides  of  the  tube.  The 
more  carefully  this  is  done  the  more  uniform  will  be 
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the  distribution  of  the  or^nisms  aud  the  Ijetter  the 
results.  The  loop  is  then  again  sterilized  and  three 
of  its  loopfuk  are  passed,  wWiout  touching  the  fidee  of 
the  tube,  from  "  the  original "  into  tube  N'o.  2,  where 
tliey  are  carefully  mixed.  Again  the  loop  is  sterilized, 
and  again  three  dips  are  made  from  tube  No,  2  into 
tube  No,  3,  This  completes  the  dilution.  The  loop  is 
now  sterilized  before  laying  it  aside. 


n 


LeTelliug-Iripod  with  glass 


for  platoa. 


During   thiR   manipulation,   whieli    must    be    done 

quickly  if  agar-a(j;ar  be  employed,  the  temperature  of 

the  water  in  the  hath  in  which  the  tubes  stand  should 

never  be  lower  than  39°  C,  and  never  higher  than 

L  43"  0.     If  it  falls  below  38°  C,  the  agar-agar  solid- 

^ifies,  and   ran   only  be   redissolved  at   a   temperature 

lat  would  I>e  destructive  to  the  organisms  whieh  may 

;  lieen  introdueed  into  the  tnl)es.     This  is  not  of 

■'■much  nioinent  with  gelatin,  ijioce  it  may  reailily  be 
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redisti^nlvLHl  at  a.  t^jmpcrature  not  detrimeutal  to  the 
organisms  willi  wliich  the  tubes  may  have  been  inocu- 
lated. 

The  Coo  lino-stage  and  Levelling-tbipod. — 
While  the  niitlium  of  which  the  plates  are  to  be  made 
is  melting  it  is  well  Ut  arrange  the  coolinjj-stage  (Fig, 
24)  upon  which  tlie  gelatin  or  agar-agar  is  to  be  subse- 
quently solidified. 

This  stage  consists  of  a  glass  dish  tilled  with  iee- 
water  and  covered  with  a  ground-glass  plate,  which  in 
turn  has  a  dumc-shaped  cover.  The  dish  rests  upon  a 
tripod  whicii  can  be  brought  to  an  exact  level,  as  indi- 
cated by  the  spirit-level,  by  raising  or  lowering  its  legs 
by  means  of  thumb-screws,  with  which  they  are  pro- 
vided. Three  stages  are  usually  employed.  When 
ready  for  use  they  i^hould  l>e  exactly  level. 

The  Glass  Plates. — On  each  of  the  stages  is  to  be 
placed  a  glass  plate  upon  which  the  liquefied  gelatin  or 


^r  is  to  bo  poui-ed  and  allowed  to  aoliihfy.  It 
is,  therefore,  necessars'  thai  the  plates  should  not  only 
be  sterile  whcu  pluecd  upou  the  stages,  but  that  during 
manipulation  they  should  be  carefully  protected  by  a 
cover  against  dust  and  bacteria  from  without. 
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A  number  of  plates  at  a  time  are  usually  sterilized  in 
the  dry  sterilizer  at  a  temperature  of  150°  to  180°  C. 
for  one  hour.  During  sterilization  and  until  used 
they  are  retained  in  an  iron  box  (Fig.  25),  which  is 
especially  designed  for  the  purpose.  They  should  never 
be  placed  upon  the  stage  until  cold ;  otherwise  they 
crack. 

When  the  plates  which  have  been  placed  upon  the 
stages  are  quite  cold  the  melted  gelatin  or  agar-agar  in 
the  tubes  which  represent  the  three  dilutions  should  be 
poured  upon  them,  each  tube  being  emptied  upon  a 
separate  plate.  If  the  medium  is  quite  fluid,  it  spreads 
over  the  surface  of  the  plates  in  a  thin,  even  layer. 
Sometimes  it  may  be  more  evenly  spread  as  it  flows 
from  the  tube  by  the  aid  of  a  sterilized  glass  rod. 


Fia.  26. 


Glass  benches  for  supporting  plates. 


As  the  content  of  each  tube  is  emptied  the  cover  of 
the  cooling- stage  is  quickly  replaced  and  the  plate  al- 
lowed to  stand  until  the  gelatin  or  agar-agar  is  quite 
solid.  This  takes  longer  with  gelatin  than  with  agar. 
When  the  niediuni  is  quite  solid  these  plates  are  placed 
upon  glass  benches  (Fig.  2G),  each  labelled  with  the  num- 
ber of  the  plate  in  the  series  of  dilutions.  The  benches, 
with  the  plates  upon  them,  are  then  piled  one  above  the 
other  in  a  "  culture-dish,"  in  which  the  plates  are  to  be 
kept  during  the  growth  of  the  bacteria.      The  benches 
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are  sterilized  before  using,  in  the  same  manner  as 
plates. 

Culture-dish. — This  dish,  which  is  about  22  cm. 
in  diameter  and  has  vertical  sides  about  6  cm.  in  height, 
is  provided  with  a  cover  of  exactly  the  same  shape, 
but  of  a  little  larger  diameter.  This  cover,  when 
placed  upon  the  dish  containing  the  plates,  prevents 
the  access  of  dust.  Prior  to  using,  the  dish  and  cover 
should  have  been  disinfected  for  one-half  hour  with 
1 :  1000  sublimate,  and  all  the  solution  allowed  to  drain 
from  them. 

A  disk  of  sterilized  filter-paper  moistened  with  ster- 
ilized water  is  sometimes  placed  in  the  bottom  of  the 
culture-dish  to  prevent  drying  of  the  medium.  This 
is  not  often  necessarj,  however,  as  the  plates  can 
usually  be  dispensed  with  before  evaporation  has  pro- 
gressed very  far. 

If  agar-agar  be  employed,  the  dish  and  its  contents 
may  be  kept  at  a  temperature  of  37°-38°  C. ;  if  gel- 
atin, the  temperature  at  which  the  plates  are  to  be 
maintained  should  not  be  over  22°  C,  otherwise  the 
gelatin  liquefies  and  the  plates  are  rendered  useless. 

When  development  has  occurred  the  object  of  the 
dilution  will  be  easily  seen,  and  the  various  species  of 
bacteria  in  the  mixture  will  be  recognized  by  differences 
in  the  character  of  the  colonies  growing  from  them. 

This,  in  short,  is  the  plate  method  of  Koch  for  the 
separation  of  the  individual  sjKJcies  contained  in  a 
mixture  of  bacteria.  Many  modifications  of  this  method 
exist;  all,  however,  are  based  upon  the  same  prin- 
ciples. The  modifications  have  for  their  object  the 
aooomplishment  of  the  same  end,  but  with  a  smaller 
annamentarium  of  apparatus ;  according  to  individual 
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preference,  the  one  or  the  other  of  those  rnodilieations 
hus  supplanted  the  original  plate  method  as  practised 
and  recommended  by  Koch. 

Ptmii's  MomPiOATioN  op  the  Plate  Method. — 
The  modification  which  approaches  nearest  to  the  orig- 
inal methoti,  and  at  the  same  time  lessens  very  mate- 
rially the  nuniher  of  steps  in  the  process,  is  that  sng- 
ge8te<l  by  Petri.  It  eonaists  in  snbstituting  for  the 
plates  small,  round,  double  glass  dishes,  having  about 
the  same  eurface-area  as  the  plates  (Fig.  27).  The 
liquid  medium  ie  poured  directly  into  these  little  dishes 
and  their  covers  replaced  ;  they  are  then  set  aside  for  ob- 
servation. In  all  other  respects  the  jirocess  is  the  same 
us  Koch's  original  method.     Petri's  dishes  are  about  8 


cm.  in  diameter  and  about  1.6  to  2  cm.  in  height,  the 
sides  being  vertical.  They  may  readily  be  Bterifived 
by  either  Iiot-air  or  steam.  They  are  very  useful  for  this 
work,  as  they  do  away  with  the  necessity  for  the  cool- 
ing-stage and  level!  ing-trii«>d,  though  in  wann  weather 
the  ciMiling-stage  may  be  used  to  liasten  the  solidifica- 
tion of  gelatin.  A  cooling-stage  of  very  convenient 
design  for  use  with  these  dishes  consists  of  a  closed,  flat 
metal  \»>x,  either  of  copper  or  block  tin,  and  round 
or  square  in  shape,  so  arranged  that  it  can  be  filled 
with  cold  water,  or  that  cold  water  can  constantly 
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jiaiwcd  through  it  by  means  of  a  rubber  tube  conueott-d 
with  a  spigot.  The  inlet  lor  the  wattr  sliould  be  just 
above  the  bottom  of  the  box,  ami  the  outlet  jimt  beneath 
the  top  and  slightly  turned  upward  and  llien  downward, 
»o  as  to  insure  tilling  the  space  with  water.  The  box 
should  be  sufficiently  strong  to  resist  the  pressure  of 
the  water,  A  eouvenient  size  ia  from  2U  to  25  cm. 
in  diitmeter,  and  about  1.5  t«j  2  cm.  high.  It  is  simple 
in  construction,  and  can  be  made  by  any  coppcr-spiuner. 
An  idea  of  its  construction  is  given  in  Fig.  28. 


McWI  cuolliiK-«1 


WHien  gelatin  or  i^ar-agar  is  to  be  cooled  it  is  only 
necessary  to  (ilacc  the  diblies  eontaininir  It  on  top  of  this 
bos  and  keep  cold  water  cireulatinfj  thmngli  it. 

Ebmarch  Tubes. — The  niodifinition  of  Kiwli's 
method  which  insures  (he  greatest  security  from  con- 
tamination by  cxtmneouH  oi^nisms  and  re(|uires  the 
least  iLtniiunt  of  apparatiw  is  that  suj^-sted  by  v. 
KsmHn'li.  It  difffrp  from  the  other  metlio<Is  thus :  the 
dilutions  having  been  prepareil  in  tubes  i^intaining  a 
smaller  nmount  of  nniliuni  than  usual — as  a  rule,  not 
more  than  5  lo  6  e.e. — an-,  i  nsteiul  of  lieing  poiired  uimn 
plates  or  Into  dishes,  sprea<l  over  the  inner  surface  of 
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the  tubes  containing  them,  and,  without  removing  the 
cotton  plugs,  solidified  in  this  j)osition.  The  tubes  then 
present  a  thin  cylindrical  lining  of  gelatin  or  agar-agar, 
upon  which  the  colonies  develop.  In  all  other  respects 
the  conditions  for  the  growth  of  the  organisms  are  the 
same  as  in  fiat  plates. 

Esmarch  directs  that  after  completion  of  the  dilu- 
tions the  tops  of  the  cotton  plugs  in  the  test-tubes 
should  be  cut  off  fiush  with  the  mouths  of  the  tubes  and 
sterilized  rubber  caps  be  placed  over  them.  They  are 
then  to  be  held  in  a  horizontal  position  and  twisted 
between  the  fingers  up<m  their  long  axis  under  ice- 
water.  The  gelatin  becomes  solidified  thereby  and 
adheres  to  the  sides  of  the  tube.  Wiien  the  gelatin  is 
quite  hard  the  tubes  are  removed  from  the  water,  wiped 
dry,  the  rubber  caps  removed,  and  the  tubes  set  aside 
for  observation. 

For  some  time  past  we  have  deviated  from  the  direc- 
tion given  by  v.  Esmarch  for  this  part  of  his  method, 
and  instead  of  rolling  the  tubes  under  ice-water,  we  roll 
them  upon  a  bliK'k  of  ice  (Fig.  29),  after  tlie  metluKl 
devised  bv  Booker  in  1S87  in  the  Patliolotrieal  T^abora- 
torvof  the  Johns  Hopkins  University.  In  tins  method 
a  small    bloek   of  iee   onlv   is   nee<le<l.      It    is  levelled 

ft- 

and  held  in  jM»sition  by  being  plaecd  nj>on  a  towel  in 
a  dish.  A  horizontal  groove  is  in('lte<l  in  the  U]>per 
snrfaee  of  the  i<»e  with  a  test-tnlx^  of  hot  water.  The 
tubes  t(^  be  rolle<l  x\xv  then  held  in  an  almost — i\ni  (fftifr 
— horizontal  position  and  twisted  bc^tween  the  fingers 
until  the  sides  are  moistened  bv  the  contents  to  within 
about  1  em.  of  the  (M»tton  phiir,  eare  being  taken  that 
the  g(^latin  «I(hs  nof  titurli  the  eotton  ;  othiTwise  th<'  latter 
becomes  adhen^nt  to  the  sitles  of  the  tube  and  is  difficult 
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to  remove.  The  IiiIh;  is  tlicn  (tiaced  in  the  groove  ni 
the  iee  awl  rolled,  rieitlicr  rubber  e^p  nor  cutting  ofi'  of 
the  cotton  pluff  being  neceasary. 


IE  Booker's  methoi]  ot  railing  Eimiirrh 


The  advantages'  of  this  process  over  that  followed  by 
V.  EHmiirch  arc  that  it  rc<]iiires  less  time,  is  cleaner, 
no  nibber  caps  arc  needed,  the  rolled  tubes  are  more 
anifurm,  and  tlic  gelatin  does  not  touch  the  cotton  plug, 
as  IB  always  the  case  in  tubes  rolled  under  water,  be- 
cause of  the  impossibility  of  keeping  them  at  one  level. 

There  is  an  erroneous  impression  that  Esmarch  tubes 
are  not  a  success  when  made  from  ordinary  nutrient 
agar-figar  hecaiiso  of  the  tendency  of  this  medium  to 
shrink  and  full  to  the  bottom  of  the  tube.  This  slip- 
ping down  of  the  apir-agar  is  due  to  the  water  squeezed 
from  it  iltiring  solidification  getting  between  the  medium 
and  the  walls  of  tlie  tube.  This  can  easily  be  over- 
come by  allowing  the  rolled  tubes  to  r(;main  in  a  nearly 
horizontal  position  ibr  twenty-four  hours  after  rolling 
them,  the  mouth  of  the  tube  being  about  1  cm.  higher 
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than  the  bottom.  During  this  time  the  margin  of  the 
agar-agar  nearest  the  cotton  plug  dries  aiid  becomes 
adherent  to  the  walls  of  the  tube,  while  the  water  col- 
lects at  the  most  dependent  point — *",  c,  the  l>ottom  of 
the  tubes.  After  this  they  may  he  retained  in  the  up- 
right |)osition  without  danger  of  the  agar-agar  slipping 
down.  We  have  employe^l  this  method  for  several  years 
with  entire  satisfaction.  In  all  these  manipniations, 
if  the  dilutions  of  the  number  of  organisms  have  been 
propi-rly  conducted,  the  results  will  be  the  same.  The 
original  plate  or  tube,  as  a  rule,  will  be  of  no  use  be- 
cause of  the  great  number  of  colonies  in  it ;  plate  or 
tube  No.  2  may  be  of  service ;  but  plate  or  tube  No.  3 
will  usually  contain  the  organisms  in  such  small  num- 
bers that  there  will  be  nothing  to  j)n!vcnt  the  charac- 
teristic development  of  the  colonics  originating  from 
tlicin. 

For  reasons  of  economy  the  "orifpnal,"  tul>c  No.  l,is 
sometimes  substituted  by  a  tube  containing;  normal  salt- 
solution  (0.6  to  0.7  per  cent,  of  sodium  chlori<lG  in 
water),  which  is  thrown  aside  as  soon  a"  the  dilutions 
arc  completed,  and  only  plates  or  tubes  No.s.  2  and  3 
are  made. 

Another  method  for  the  scjwiration  of  Iwieteria  and 
their  isol  itiun  as  single  colonicH  ronM^ts  in  tin  mikmg 
of  dilutions  upon  the  i-urfice  of  s)li<l  nn-di  i  such  as 
]>otnto  eonKuHted  blood  m  rum  i^r'r  ij^ir,  ind  gelatin 
In  pufMi  mce  of  this  method  oik  stktts  i  numlxrof 
tubts  containing  the  me<liuni  sit  in  a  sluiting  position 
With  a  ])Intinum  nec<ll<  i  hit  of  the  substamc  to  be 
studied  IS  sRinred  upon  tube  ^  »  1  with  ut  sterilizing 
the  nudle  it  is  |iass(d  lu  suLtessmn  n  r  tin  siirfite 
of  the  medium  in  tubes  Nos.  2,  3,  4,  etc.     ^\'heu  de- 
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velopment  has  occurred  essentially  the  same  conditions 
as  regards  separation  of  the  colonies  will  be  found  as 
when  plates  are  poured.  If  a  slanted  medium  be  em- 
ployed, about  the  most  dei)endent  angle  of  which  water 
of  condensation  has  accumulated,  as  blood-serum,  agar- 
agar,  and  potato,  the  dilutions  may  be  made  in  this 
fluid,  and  this  is  then  to  be  carefully  smeared  over  the 
solid  surface  of  the  medium.  The  tubes  thus  treated 
should  be  kept  in  an  upright  position  to  prevent  the 
fluid  flowing  over  the  surface.  When  sufficiently  de- 
veloped, single  colonies  may  be  isolated  with  compara- 
tive ease  from  tubes  prepared  in  this  manner.  (See  also 
method  for  the  isolation  of  bacillus  diphtherice  on  blood- 
serum.) 


CHAPTER   VIII. 

The  incabatiDg-oven — Gas-preasure  regulator — Thcrmo-regulator — The 
safety  burner  employed  in  heating  the  incubator. 

The  Incubator. — When  the  plates  have  been  made 
it  must  be  borne  in  mind  that  for  the  development  of 
certain  forms  of  bacteria  a  higher  temperature  is  neces- 
sary than  for  the  growth  of  others.  The  pathogenic 
or  disease-producing  organisms  grow  more  luxuriantly 
at  the  temperature  of  the  human  body  (37.5^  C.)  than 
at  lower  temperatures ;  whereas  for  the  ordinar}'  sap- 
rophytic forms  almost  any  temperature  between  18° 
and  37°  C.  is  suitable.  It  therefore  becomes  neces- 
sary to  provide  a  place  in  which  a  constant  tem- 
perature favorable  to  the  growth  of  the  pathogenic 
organisms  can  be  maintained.  For  this  purj)ose  a  num- 
ber of  different  forms  of  apparatus  have  been  devised. 
They  are  all  based  upon  the  same  ])rinciples,  however, 
and  a  general  description  of  the  essential  jxjints  involved 
in  their  constructicm  will  be  all  that  is  needed  here. 

The  apparatus  known  as  thermostat,  incubator,  or 
brooding-oven,  is  a  copjKT  chamber  (Fiir.  30)  with 
double  walls,  the  space  between  wliich  is  filled  with 
water.  The  ineul)atin^-chaml)er  has  a  clo.-cly  fitting 
double  d(M)r,  inside  of  which  is  usually  a  door  of  ^lass 
through  which  the  contents  <»t*  the  cliafiihcr  may  l)c  in- 
sj>ected  without  actually  <>])cninLr  it.  I'lic  wlioir  appa- 
ratus is  encased  in  cither  asbcstos-boanls  or  thick  felt, 
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rto  prevent  radiation  of  heat  and  consequent  fluetiiatiuus 
in  temperature.  In  the  top  of  the  chamber  is  a  sinall 
opening  through  which  a  therraonicttfr  projct^ts  into  ita 
interior.  At  eitlier  comer,  leading  into  the  sjiace  con- 
tEuning  the  water,  are  other  openings  for  the  reception 
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between  the  walls.  The  object  of  the  water-chamber, 
which  is  formed  by  the  double-wall  arrangement,  is  to 
insure,  by  means  of  the  warmed  water,  an  equable  tem- 
perature in  all  parts  of  the  apparatus — at  the  top  as  well 
as  at  the  sides,  bat^k,  and  bottom  ;  the  apparatus  should 
be  kept  filled  with  water,  otherwise  the  purpose  for 
which  it  is  cunstructed  will  not  be  accomplished.  When 
the  chamber  between  the  walls  is  filled  with  water  heat 
ifl  supplied  by  a  gas-flame  placed  beneath  it 


Tlie  burner  employed  in  hcatinp  the  incubator  was 
originally  dcviwHl  by  Koch,  and  is  known  as  "  Koch's 
safety  burner"  (Fig.  ;il).  It  is  a  lliinsen  burner  pro- 
vided with  an  arrangement  for  autoniiitieidly  turning 
off  the  gas-supply  and  tJius  preventing  accidents  should 
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tiie  flame  become  exttiiguislicd  at  a  time  when  no  one 
is  near.  The  gas-cock  by  which  the  gas  is  turned  on 
and  off  is  provided  witii  a  long  arm  which  is  weighted, 
and  which,  wlien  the  gas  is  turned  on  and  burning,  rests 
upon  an  arm  attached  to  the  side  of  a  revolving,  hori- 
zontal disk  that  is  connected  witli  the  free  ends  of  two 
metal  spirals  whicii  are  fixed  by  their  other  euds  in  oppo- 
site directions  on  either  side  of  the  flame  and  heat«d  by 
it.  If  I»y  draughts  or  any  other  aeeident  the  flame  be- 
comes extinguished,  the  metal  spirals  cix)!,  and  in  cool- 
ing eontnmt,  twist  tlie  huriswntal  disk  in  the  ojtposite 
direction,  and  allow  the  weightwl  arm  of  the  gas-cock 
to  fall.     By  its  falling  the  giis-siipply  is  turned  oC 

THEnMo-RFXiULATiiiis. — The  regulation  and  main- 
tenance of  the  proper  tenipeniture  within  the  incnbator 
arc  accomplished  by  the  employment  of  an  automatic 
therm  o-regu  1  ator. 

The  connnon  form  of  fhermo-n'gulator  used  for  tins 
purpose  is  constructed  u|Min  prinei))h's  involving  the 
expansion  and  contraction  of  fluids  under  the  influence 
of  heat  ami  cold.  I}y  means  uf  this  ex])ansiim  mid  con- 
traction the  amount  of  gas  pns.-;iiig  from  the  SDUrce  of 
supply  to  the  humer  may  Ik-  either  diminished  or  in- 
creased as  the  tcmponiture  of  the  substance  in  which 
the  regulator  is  phiiml  either  rises  or  falls. 

The  simplest  form  of  tliermo-regulator  which  serves 
to  illustrsite  tiie  primiples  involved  is  seen  in  Fig,  32. 
It  consists  of  a  glass  cylinder,  i;  having  a  communi- 
cating l)ranch  tube  li,  and  rubber  stopiKT  /,  through 
which  pnyeets  the  bent  tube  (f.  The  tulw  a  is  ground 
to  a  slanting  |M)int  at  the  extn'uiity  which  projects  into 
the  tube  f,  and  is  jiruvidcfl  a  short  distjincc  above  this 
point  with  a  capillar}'  opening,  f/,  in  one  of  itjj  sides. 
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When  ready  for  use  the  cylinder  e  is  filled  with  mer- 
cury up  to  about  the  level  shown  in  the  figure.  It  is 
then  allowed  to  stand^  or  is  suspended,  in  the  bath  the 
temperature  of  which  it  is  to  regulate.  The  rubber 
tubing  coming  from  the  gas-supply  is  attached  to  the 


Fig.  32. 


Mercurial  thermo-regulator. 

outer  end  of  the  glass  tube  a,  and  the  tube  going  to  the 
burner  is  slipjKHl  over  the  branch  tube  h.  The  gas  is 
turned  on  and  the  burner  liirhted  and  j)hic(Hl  under  the 
bath.  The  pis  now  streams  throuii^h  the  tnl)e  a  into  the 
cylinder  e  and  out  at  b  to  the  burner ;  but  as  the  tern- 
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perature  of  the  bath  rises  the  mprciiry  contained  io 
the  cylinder  e,  under  tlie  influents;  of  tlie  elevation  of 
temperature,  begins  to  ex]>an(l,  and,  as  a  continuous  rise 
in  temperature  proceeds,  the  expansion  of  tlie  mercury 
accompanies  it  and  gradually  closes  the  slanting  opening 
A  of  tube  (I.  In  this  way  the  HUj)ply  of  gas  beconiea 
diminished  and  the  ri«!  in  temperature  of  the  batli  will 
be  less  rapid,  until  linally  the  opening  at  h  will  be  closed 
entirely,  when  the  supply  of  gas  to  the  burner  will  now 
be  limited  to  that  ftuu^iing  tlirough  the  capillarj'  open- 
ing^. This  is  not  snftieient  to  m.iinlain  the  highest 
temperature  reached,  and  as  cooling  begins  a  gradual 
contraction  of  the  mercury  occurs  until  there  is  again 
an  outflow  of  gas  from  the  opening  A,  when  the  tem- 
perature again  rises.  This  wntraetiou  and  ex])unsiou  of 
the  mercury  in  the  regulator  continues  imtil  eventually 
a  point  is  reached  at  whieh  its  {losition  in  the  cylinder 
e  allows  of  the  [Kissage  of  just  enough  gas  from  the 
opening  h  to  maintain  a  eonstant  temix'rature  and, 
therefore,  a  constant  degree  of  ex|>ansioii  of  the  mercury 
in  the  tube  e.  This,  in  slmrt,  is  the  jiriueiplc  on  which 
thermo- regulators  are  eonstruetcd  ;  but  It  must  be  borne 
in  mind  that  a  great  deal  of  detail  exists  in  the  construc- 
tion of  an  accurate  instrument.  The  nunilKT  of  differ- 
ent forms  of  this  appjinitus  is  eoniptiratively  large,  and 
each  form  bus  its  special  merits. 

The  value— that  is,  the  dclieaey — of  the  thermo-reg- 
ulator  de|M'nds  upon  a  number  of  factors,  all  of  whieh  it 
would  l>e  useless  to  describe  in  a  book  of  this  kind  ; 
hut  in  genend  it  may  lie  said  that  the  essential  [HHuts  to 
beobs(Tved  in  selr.liug  a  tbemio-regulator  depend  in  the 
main  upon  \\h-  tem)>eratuns  iit  which  it  is  to  !h'  iised. 
For  low  temjKTatures,  ngulalors  eontnining  such  fluids 
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as  ether,  alcohol,  and  Kilcium  chloride  soKitioD,  wluch 
expand  and  contract  rajiidlj-  and  regularly  under  slight 
variations  in  temperature,  are  coninionlj-  employed  ; 
whereas  for  tt'nipfratiires  approaching  the  Ijoiling-point 
of  water  mercury  is  most  frequently  used. 

The  temperature  of  the  incubator  in  to  be  regu!ate<I, 
then,  by  the  use  of  some  such  form  of  apparatus  as  that 
just  described.  It  should  be  of  BufBcient  delicacy  to 
prevent  a  fluctuation  of  more  than  0.2°  C  in  the  tcm- 
pcruture  of  the  air  within  the  chamber  of  the  apparatus. 

GAS-i>tii>>sunE  REfiii.ATOiis, — A  gas-prcssurf  reg- 
ulator is  not  nirely  intervened  between  tlie  gas-supply 


UolttMler'*  gii»-prej 


and  the  ihermo-regidator.  This  apparatus  has  for  ita 
object  the  maintenance  of  a  eoowtant  prt's.sure  of  the 
gas  going  to  tlie  thenno-regulator.     There  are  several 
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forms  of  regulator  in  use,  but  they  do  not  accomplish 
the  object  for  which  they  are  designed. 

The  instrument  most  commonly  employed,  the  appa- 
ratus of  Moitessier  (Fig.  33),  is  based  on  somewhat  the 
same  principles  as  the  large  regulators  seen  at  the  manu- 
factories of  illuminating-gas.  Such  apparatus  act  very 
well  when  employed  on  the  large  scale,  as  one  sees  them 
at  the  gas-works ;  but  when  applied  to  the  limited  and 
sudden  fluctuations  seen  in  the  gas  coming  from  an 
ordinary  gas-cock  are  practically  useless.  They  are  too 
gross  in  their  construction,  and  act  only  under  compar- 
atively great  and  gradual  fluctuations  in  pressure.  If 
a  good  form  of  thermo-rcgulator  be  employed,  there  is 
no  necessity  for  the  use  of  any  of  the  pressure-regulators 
thus  far  introduced. 


CHAPTER  IX. 

The  fltady  of  colouies — Their  naked-eye  pecalh&rities  and  their  appear- 
ance under  different  conditions — Differences  in  the  structare  of 
colonies  from  different  species  of  bacteria — Stab-cal tares — Slant- 
coltares. 

The  plates  of  agarrogar  which  have  been  prepared 
from  a  mixture  of  organisms  and  have  been  placed  in 
the  incubator,  and  those  of  gelatin  which  have  been 
maintained  at  the  onlinary  tempeniture  of  the  room, 
are  usually  ready  for  examination  after  from  twentj'-four 
to  forty-eight  hours.  They  will  be  found  marked  here 
and  there  by  small  p(^)ints  or  little  islands  of  more  or 
less  opaque  appearance.  In  some  instances  these  will 
be  so  transpjirent  that  it  is  with  difficulty  one  can  see 
them  with  the  nakeil  eye.  Again,  they  may  be  of  a 
dense,  opaque  appearance ;  at  one  time  sharply  cinrum- 
scribed  and  round,  again  irregular  in  their  outline ;  here 
a  point  will  present  one  color,  there  ]KThaps  another. 
On  gelatin  s<mie  of  the  points  will  be  seen  to  Ik*  lying 
on  the  surface  of  the  medium,  others  will  have  sunk 
into  little  depressions,  while  at  still  other  ])oints  the 
clear  gelatin  will  be  marke<l  by  more  or  less  siiucer- 
shaped  pits  containing  opacjue  fluid. 

Place  the  plat<*  containing  thes<»  points  u|K)n  the 
stage  of  a  niicroscoj)e  and  examine  them  with  a  low- 
power  objective,  and  again  diffen-nc^'s  will  he  observed. 
Some  of  these  niinntr  points  will  be  finely  granular, 
others  eoarselv  so  ;  snnic  will  pn-eiit  a  radiated  appear- 
ance, while  a  luitrhhor  niav  be  eoneentrieallv  arrantred  : 
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here  nothing  particularly  characteristic  will  present^ 
there  the  point  may  resolve  itself  into  a  mass  having 
somewhat  the  appearance  of  a  little  pellicle  of  raw  cot- 
ton. All  these  differences,  and  many  more,  aid  us  in 
saying  that  these  objects  must  be  different  in  their 
nature.  With  a  pointed  platinum  needle  take  up  a 
bit  of  one  of  these  small  islands,  prepare  it  for  micro- 
scopic examination  (sec  chapter  on  Stained  Cover-slip 
Preparations),  and  examine  it  under  the  high-power  oil- 
immersion  objective,  with  access  of  the  greatest  amount 
of  light  afforded  by  the  illuminator  of  the  microscope. 
The  preparation  will  be  seen  to  be  made  up  entirely  of 
bodies  of  the  same  shape ;  they  will  all  be  spheres,  or 
ovals,  or  rods,  but  not  a  mixture  of  these  forms,  if  proper 
care  in  the  manipulation  has  been  taken.  Examine  in 
the  same  way  a  neighboring  s|X)t  which  possesses  dif- 
ferent naked-eye  appearances,  and  it  will  often  be  found 
to  consist  of  bodies  of  an  entirely  different  appearance 
from  those  seen  in  the  first  preparation. 

These  spots  or  islands  on  the  surface  of  the  plates  are 
colonies  of  bacteria,  differing  severally,  not  only  in  their 
gross  apiK^arances,  the  one  from  the  other,  but,  as  our 
cover-slip  prei)anitions  show,  in  the  mor})hological  char- 
acteristics of  the  individual  orgjmisms  compasing  them. 

If  from  one  of  these  colonies  a  second  set  of  plates  be 
prepared,  the  peculiarities  which  were  first  observed  in 
it  will  be  reprcHluced  in  all  of  the  new  colonies  which 
develop ;  each  will  be  found  to  consist  of  the  same 
organisms  as  the  colony  from  which  the  plates  were 
made.  In  other  words,  these  j)eculiarities  are  constant 
under  like  conditions. 

The  appearance  of  the  colonies  developing  from 
all   organisms   is   regulated   by   their   location  in  the 
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tuodium  ID  ^^■llich  they  aro  growing.  When  deep 
ilown  in  tlie  iiKHlium  thoy  arc  usually  round,  oval,  or 
lozengc-shapi^d ;  whereas  when  on  the  surface  of  the 
gelatin  or  agar  tJiey  may  take  quite  a  different  i'orm. 
This  is  puTL'ly  a  meehanieal  effect  due  to  the  pressure 
of,  or  resistanee  offered  by,  the  medium  surrounding 
them,  and  is  always  to  be  borne  in  mind,  otherwise 
errors  are  apt  to  arise. 

Pi7RB  CuLTOBES. — If  from  one  of  these  small  col- 
onies a  bit  be  taken  upon  the  [mint  of  a  gleri/izi'd  plati- 
num needle  and  introilueed  into  a  tube  of  sterilized 
gelatin  or  agar-agar,  the  growth  that  results  will  be 
what  is  known  as  a  "  pure  culture,"  the  condition  to 
which  all  organisms  must  be  brought  before  a  system- 
atic study  of  their  many  peciiliariti(>s  is  Ij^iin.  Some- 
times several  series  of  plates  are  necessary  before  the 
organisms  can  be  obtainet!  pure,  but  by  patiently  follow- 
ing this  plan  the  results  will  ultimately  Ite  satisfactory. 

TEBT-TrBE  Ci'i-TiiKKa  ;  Stab-citltitres  J  Smeab- 
m.TL'REH, — After  separating  the  organisms  the  one 
from  the  other  by  the  plate  mcthotl  jnst  <lescrilK'd,  they 
must  be  isolat4.>d  from  the  plutes  as  pure  stall-  or  smear- 
cnltiires. 

This  is  done  in  the  following  way  :  decide  ii]>on  the 
colony  from  which  the  pure  culture  is  to  be  made. 
Select  preferably  a  small  colony  and  one  as  widely  sep- 
arated from  other  colonics  as  possible.  Sterilize  in  a 
gas-flame  a  straight  platinum-wire  needle.  The  gln->« 
handle  of  the  needle  should  be  drawn  through  the  Hamc 
as  well  as  the  needle  itself,  otherwise  contaminati«)n  from 
this  source  may  occur.  When  it  is  cool,  which  is  in  five 
or  ten  seconds,  take  np  carefully  a  portion  of  the  colony. 
Guard  against  toncliing  anything  but  the   colony.     If 
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dunng  niaiiipulutioD  the  needle  touches  anything  ehe 
whatever  llian  fhu  colony  Ihim  wliicli  the  culture  is  to 
be  made,  it  must  Iw  [»teriliziKl  again.  This  holds  not 
only  for  the  time  before  touching  the  colony,  but  also 
(luring  ita  jrassage  into  the  teat-tulK- from  the  colony; 
otherwise  there  is  no  guarantee  that  tiic  growth  result- 
ing from  the  inoculation  of  this  hit  of  colony  into  a 
fresh  st«rile  niedhim  will  be  pnre. 

In  the  mcuutiine  have  m  the  other  hand  a  test-tnbe 
of  sterile  medium  :  gelatin,  agar-agar,  or  potato.  This 
tube  Is  held  aemse  tiie  palm  of  the  hand  in  iin  almost 
horizontal  jHii^ition  with  its  mouth  pointing  out  between 
the  thumb  and  iniiex-fiuger  and  its  contents  towiini  the 
body  of  the  worker.  With  the  disengaged  fingers  of  the 
other  hand  holding  the  needle  the  cotton  plug  in  removed 
from  the  tube  by  u  twisting  motion  and  placed  between 
the  index  and  second  fingers  of  the  hand  holding  the 
tube,  in  such  a  way  that  the  jwrtion  of  the  plug  which 
fits  into  the  month  of  the  test^tuho  looks  toward  the 
dorsal  surface  of  the  hand  and  then  not  (owJi  any  por- 
tion of  file  iutiul ;  this  is  accomplished  by  placing  OTtfy 
the  oeerhaitgimf  jKirtion  of  the  plug  between  tiie  fingers. 
The  needle  containing  the  bit  of  colony  i^  uow  to  l)e 
thrust  into  the  medium  in  the  tul>e  if  a  stab-cnitupo  Is 
desired,  or  rubbed  gently  over  its  surface  if  a  smear- 
culture  is  to  he  made.  The  needle  is  then  withdrawn, 
the  cotton  plug  replaced,  und  the  needle  sterilized  befi)re  it 
IB  laid  down.  Neither  the  needle  nor  its  handle  should 
touch  the  inner  sides  of  the  teat^tulte  if  it  can  be  avoideil. 
The  tube  is  then  labelled  and  si-t  aside  for  observa- 
tion. The  growth  which  apjiears  in  the  tube  after 
twenty-four  to  tliirty-yi.x  hours  will  he  a  pure  (;iilture 
of  the  organisms  of  which  the  colony  was  composed. 


Cultures  uf  this  form  art'  not  only  useful  as  a  moanB 
of  preserving  the  different  oi^nisms  with  whieh  we 
may  be  working,  but  nerve  also  to  bring  out  certain 


charaetcri sties  of  Jiffereitt  urgnuisnis  when  ^row 
til  is  way. 

If  gelatin  Im;  employed  and  the  organism  wliieh 
been  introdueetl  iuto  it  possesni'S  the  [wwer  of  bringing 
about  liqiiefuctiou,  it  will  Boon  be  diseovcn-d  that 
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mode  of  liquefactioa  differs  with  different  organisms. 
Some  bacteria  cause  a  liquefaction  which  spreads  across 
the  whole  upper  surface  of  the  gelatin  and  continues 
gradually  downward ;  with  others  it  occurs  in  a  funnel- 
shape,  the  broad  end  of  the  funnel  being  uppermost  and 
the  point  downward,  corresponding  to  the  track  of  the 
needle;  at  times  a  stocking-  or  sac-like  liquefaction 
may  be  noticed.     (See  Fig.  34.) 

Note. — Obtain  a  number  of  oi^nisms  from  differ- 
ent sources  in  pure  cultures  by  the  method  given.  Plant 
them  as  pure  cultures,  all  at  the  same  tinu',  in  gelatin — 
preferably  gelatin  of  the  same  making — retain  them 
under  the  same  conditions  of  temjKjnitUR',  and  sketch 
the  finer  differences  in  the  way  in  which  liquefaction 


CHAPTER  X. 

Methods  oratainlng — Solutians  eiiipla;«d— Prepamtion  and  BUiniDg  of 
cover-si iin —Preparation  of  tinuen  forgectioD-cuttiug — Staining  of 
tiBBues — Special  staining-metbodg. 

A  COMPLETE  list  of  aoliitions  and  methotis  that  are 
recommended  for  the  staining  of  bacteria  is  not  essen- 
tial to  the  work  of  the  beginner,  so  that  only  those 
which  are  of  the  niowt  common  application  will  be  given 
in  this  book.  In  general,  it  suffices  to  say  that  bac- 
teria stain  best  with  watery  solutions  of  the  basic  ani- 
line dyes,  and  of  these,  fuehsin,  gentian- violet,  and 
methylene- blue  are  tliosc  most  frequently  employed. 

In  practical  work  baetcria  are  either  dried  iijxjn  cover- 
slips  and  then  stainc<l,  or  stained  in  sections  of  tissues  in 
which  they  have  been  deposited  during  the  course  of 
disease.  In  both  processes  the  essential  point  to  be  borne 
in  mind  is  that  the  bacteria,  because  of  their  microscopic 
dimensions,  require  to  be  more  (•onspicuously  stained 
than  the  surrounding  materials  n(K>ii  the  cover-slips  or 
in  the  sections,  otherwise  tiieir  recognition  is  a  matter  of 
the  greatest  difficulty,  if  not  of  impossibility.  For  this 
reason,  especially  in  section-staining,  it  frequently  be- 
comes necessarj-  to  decolorize  the  tissues  after  removing 
them  from  the  staining-solntions,  in  order  to  render  the 
bacteria  more  prominent,  and  for  this  purpose  special 
methods,  which  provide  for  deeol  on  nation  of  the  tissues 
without  robbing  the  f>iieteria  of  their  color,  arc  employed. 
The  ordinarj-  method  of  cover-slip  examination  of  bac- 
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teria,  conHtantly  in  UHt!  in  thi'sc  studies,  is  pLTfurmud  iu 
the  following  way : 

CovER-si,li'  PRBPAitATiONe. — III  Order  that  the  dis- 
tribution of  the  organisms  upon  tlic  cover-slips  may 
be  uniform  and  in  as  thin  a  layer  as  poNsible  it  is  es- 
Bcntial  that  the  slips  should  be  clean  and  free  from 
grease.  For  cleansing  the  slips  sevend  methods  may 
be  employed. 

Tlie  simplest  plan  with  new  cover-sliiw  is  to  immerse 
them  for  a  few  hours  in  strong  nitric  acid,  after  which 
they  are  rinsed  in  water,  then  in  alcohol,  tlien  ether, 
snd,  finally,  tiiey  may  be  kept  in  alcohol  to  whieh  a 
little  ammonia  has  l>een  added.  Wlien  about  to  be 
used  tliey  should  lie  ^viped  dry  with  a  elean  cotton  or 
dlk  handkerc-hief. 

If  the  slips  have  been  previously  used,  boiling  in 
strong  soap  solution,  followi'd  by  rinsing  in  clean  warm 
water,  and  then  ti^ating  as  above,  renders  them  clean 
enough  for  ordinary  purposes. 

A  method  commonly  employed  is  to  remove  all  coarse 
adherent  matUT  from  slips  and  sli'los  by  allowing  them 
tto  remain  for  a  time  in  strong  nitric  or  sulphuric  acid. 
They  are  remfiveil  from  the  acid  after  several  days, 
IJii9e<l  in  water,  and  trmted  as  above.  Knauer  has  re- 
aently  suggested  the  boiling  of  soiled  eover^slips  and 
lidetf  for  from  twenty  to  thirty  minutes  in  a  10  per  cent, 
fstery  sohition  of  lysol,  after  which  they  are  to  be  carc- 
STly  rinsed  in  water  until  all  trace  of  the  lysol  has  dis- 
iared.  They  are  tlien  Ut  lu'  wiped  dry  with  a  clean 
Ikerchief. 

Loffler's  method,  whieh  provides  for  the  complete 

noval  of  all  grease,  is  to  warm  the  cover-slips  in  eon- 
rated  sulphuric  acid  for  a  time  and  then  rinse  them 
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in  water,  after  which  they  are  kept  in  a  mixture  of 
equal  parte  of  alcohol  and  ammonia.  They  are  to  be 
dried  on  a  cloth  from  which  all  fat  has  been  extracted. 
Hteps  in  itwMiig  the  preparcUions.  Place  upon  the 
centre  of  one  of  the  clean,  dry  cover-slips  a  very  small 
drop  of  distilled  water  or  physiological  salt-solution. 
With  a  platinum  needle,  which  has  been  sterilized  in 
a  gas-flame  ju^t  before  using  and  allowed  to  cool,  take 
up  a  very  small  portion  of  the  colony  to  be  examined 
and  mix  it  carefully  with  the  drop  on  the  slip  until 
there  existe  a  very  thin  homogeneous  film  over  the 
larger  part  of  the  surface.  This  is  to  be  dried  upon 
the  slip  by  either  allowing  it  to  remain  upon  the  table 
in  the  horizontal  position  under  a  cover,  to  protect  it 
from  dust,  or  by  holding  it  between  the  fingers  [not  vnth 
forceps),  at  some  distjince  above  a  gas-flame,  until  it 
is  quite  dry.  If  held  with  the  forceps  over  the  flame 
at  this  stage,  too  much  heat  may  l)e  unconsciously  ap- 
plied, and  the  morphology  of  the  organisms  in  the  prep- 
aration distorted.  When  held  between  the  fingers 
with  the  thin  layer  of  l)a(;toria  away  from  the  flame  no 
such  accident  is  likely  to  occur.  When  the  whole 
pellicle  is  completely  dried  the  slip  is  to  be  taken  up 
with  forceps,  and,  holding  the  side  upon  which  the  bac- 
teria are  deposited  away  from  the  direct  action  of  the 
flanie,  it  is  to  be  passed  through  the  flame  three  times, 
a  little  more  than  one  second  being  allowed  for  each 
transit.  Unless  the  preliiniuary  drying  at  the  low  tem- 
perature has  been  complete,  the  preparation  will  l>e 
rendered  worthless  by  the  subsequent  "fixing"  at  the 
higher  temperature,  for  the  reason  that  the  protoplasm 
of  bacteria  when  moist  coagulates  at  these  tempera- 
tures^ and  in  doing  so  the  normal  outline  of  the  cells  is 
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altered.  If  carefully  dried  before  fixing,  this  does  not 
occur  and  the  morphology  of  the  organism  remains  un- 
changed. 

A  better  plan  for  the  process  of  fixing  is  to  employ 
a  copper  plate  about  35  cm.  long  by  10  cm.  wide  by 
0.3  cm.  thick.  This  plate  is  laid  upon  an  iron  tripod 
and  a  small  gas-flame  is  placed  beneath  one  of  its 
extremities.  By  this  arrangement  one  can  get  a  gradu- 
ated temperature,  beginning  at  the  part  of  the  plate 
above  the  gas-flame  where  it  is  hottest,  and  becom- 
ing gradually  cooler  toward  the  other  end  of  the  plate, 
which  may  be  of  a  very  low  temperature.  By  dropping 
water  upon  the  plate,  beginning  at  the  hottest  point  and 
proceeding  toward  the  cooler  end,  it  is  easy  to  determine 
the  point  at  whi(?h  the  water  just  boils ;  it  is  at  a  little 
below  this  point  that  the  cover-slips  are  to  be  placed, 
bacteria  side  up,  and  allowed  to  remain  about  ten  min- 
utes, when  the  fixing  will  be  complete.  The  ssime  may 
be  accomplished  in  a  small  copper  drying-oven,  which 
is  regulated  to  remain  at  a  temperature  of  from  95°  to 
98°  C.  In  very  particular  work  this  plan  is  to  be  pre- 
ferred to  the  process  of  passing  the  cover- slips  through 
a  flame,  as  the  organisms  are  always  subjected  to  the 
same  degree  of  heat,  and  the  distortions  which  some- 
times occur  from  too  great  and  irregular  application  of 
high  temperatures  may  be  eliminated.  The  fixing  con- 
sists in  drying  or  coagulating  the  gelatinous  envelope  sur- 
rounding the  organisms,  by  which  means  they  are  caused 
to  adhere  to  the  surface  of  the  cover-slip.  It  is  some- 
times desirable  to  fix  the  preparation  without  the  use 
of  heat,  as  in  the  case  of  pus  or  other  exudates.  In 
this  event,  after  drying  the  thinly  spread  material  care- 
fblly  in  the  air,  the  cover-slip  on  which  it  is  placed  is 
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immersed  in  a  mixture  of  equal  parte  of  absolute  alco- 
hol auti  ctbur  for  about  15  minutes.  At  the  cud  of 
this  time  it  may  be  removed  and  gtained.  The  advan- 
tage of  this  method  is  that  there  is  less  distortion  and, 
as  a  rule,  less  precipitation  (or,  pcrhajis  better,  no  char^ 
ring)  of  extraneous  matter.  When  fixed,  staining  ib 
usually  a  simple  matter.  The  majority  of  bacteria  with 
which  the  beginner  will  have  to  deal  stain  readily  with 
watery  solutions  of  any  of  the  basie  aniline  dyes,  such, 
for  instance,  as  fuchsin,  metJiylene-blue,  or  gentian- 
violet. 

To  stain  tlie  fixed  cover-slip  preparation,  it  is  taken 
by  one  of  itti  e<lges  between  forceps,  and  u  few  drops 
of  a  watt'ry  solution  of  either  of  the  dyes  named  are 
placed  upon  the  film  and  allowed  to  remain  twenty 
to  thirty  seconds.  Tlie  slip  is  then  carefully  rinsed 
in  water,  and  without  drying  is  placed  bacteria  down 
upon  a  slide ;  the  excess  of  water  is  taken  up  by 
covering  it  with  blotting-paper  and  gently  pressing 
upon  it,  after  which  tlie  preparation  is  ready  for  ex- 
amination. 

Another  plan  sometimes  used  is  to  brin^  the  slip 
upon  the  slide,  bacteria  dotrn,  without  rinsing  off  the 
staJning-Hnid  ;  the  e.xcees  of  fluid  is  removed  with 
blotting-paper  and  the  preparation  is  ready  for  exam- 
ination with  the  microseo|K'.  This  method  is  .satis- 
factory and  time-saving,  but  must  always  lie  prac- 
tised with  care.  The  staining-fluid  sIiouM  always  be 
filtered  befoi-e  usintr.  t"  rifl  it  "!'  iri-"ln'il''  |i:iiii 
which  might  be  takin  liir  iMieteria.  If  uj"'"  •  v: 
nation  the  prepamtion  rrmw  frfi  wrti""^"^'  I"*''' 
so  tli.it  it  i^  dcsimblc  1 
mounted   perniantJitt 
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is  to  be  remnvetl  from  the  surface  of  the  slip  with 
blotting-paper,  and  the  slip  loosent-d,  or  mthcr  flouted, 
from  the  slide  by  allowing  water  to  flow  around  it*i 
edges.  It  is  then  taken  np  with  forcciw,  carefully  de- 
prived of  the  watiT  adhering  to  it  by  means  of  blotting- 
paper,  and  allowed  to  dry.  When  Ary  it  is  mounted  in 
xylol -Canada-balsam  by  placing  !i  small  drop  of  the 
balsam  upon  the  surface  of  the  film,  and  then  inverting 
the  slip  upon  a  clean  glaMS  slide.  It  is  sometimes  de- 
sirable to  have  the  balsiiiu  harden  quickly,  and  a.  method 
that  is  commonly  cm|)loyed  to  indtiee  this  is  as  follows : 
the  slide,  held  by  one  of  its  ends  between  tlie  fingers,  is 
warmed  over  a  gas-flame  until  quite  hot;  a  drop  of 
balsam  is  then  phiocil  on  the  eontn.^  of  it,  and  it  is  ag-ain 
warme<];  the  cover-slip  is  then  ]ilaced  in  position,  and 
when  the  balsam  is  evenly  distributed  the  temju'i-ature 
is  rapidly  redueed  by  rubbing  tbi'  iKittmn  of  the  slide 
with  a  towel  wet  with  eold  water.  Usually  the  prepiini- 
tion  is  firmly  fixed  after  this  treatment  ;  a  little  pfiictiee 
is  necessary,  iiowever,  in  onler  m.t  to  (iv<'rlirat  and 
craek  the  slide.  The  metliotl  is  apidieulde  indy  to 
cover-slip  preiKir.ttiiins,  ;uid  eainiot  be  safely  used  with 
tissues. 

Imi'ubhskix  fovKK-sr.ti'  PiiKi'AitvVTio.vH. — Tuiprcs- 
sion  pR'iKiratiiiris  dilfer  from  ordinary  cover-slip  prep- 
arations in  oidy  one  respect :  they  ]»rt'sent  an  inipn-ssion 
of  the  org-.iiiisiiis  as  tliey  wen'  arr:ingc<l  in  the  colony 
from  wbieb  the  prepaitiliou  is  made.  They  are  made 
by  gently  eoverini;:  tlic  colony  with  a  tliin,  clean  cover- 
slip,  I'Kjhtlii  pressing  iijxin  it,  and,  without  moving  the 
slip  latcndly,  lifting  it  by  one  of  its  edges.  The  organ- 
isms adhere  to  the  slip  in  the  same  relation  to  one 
another  that  they  Jiad  in  the  colony.     The  sub,se<juent 
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steps  of  drying,  fixing,  staining,  and  mounting  are  the 
same  as  tliose  just  given  for  ordinary  cover-slip  prep- 
arations. 

By  this  method  constancies  in  the  arrangement  and 
grouping  of  the  individuals  in  a  colony  can  often  be 
made  out.  Some  will  always  appear  irregularly  massed, 
others  show  growth  in  parallel  bundles,  while  others, 
again,  will  be  seen  as  long,  twisted  threads. 

Note. — From  a  colony  of  bacillus  aubtUis  make  a 
cover-slip  preparation  in  the  ordinary  way ;  now  make 
an  impression  cover-slip  preparation  of  another  colony 
of  the  same  organism.     Compare  the  results. 

Ordfn  ARY  Stain FNG-soLUTioNS.  —  The  solutions 
commonly  employe<l  in  staining  cover-slip  preparations 
are,  as  has  been  stated,  watery  solutions  of  the  basic 
aniline  dyes — fuchsin,  gentian-violet,  and  methvlene- 
blue.  These  solutions  may  be  made  either  by  directly 
dissolving  the  dyes  in  substance  in  water  until  the 
proper  degree  of  concentration  has  been  reached,  or  by 
using  concentrated  watery  or  alcoholic  solutions  of  the 
dyes  which  may  be  kept  on  hand  as  stock.  The  latter 
method  is  the  one  commonly  pnict.ised. 

The  soliitious  of  the  colors  which  an*  in  constant  use 
in  stain iui^  are  prepared  as  follows  : 

Prepare  as  stock,  saturated  alcohol ie  or  watery  solu- 
tions of  fuchsin,  ^entiau-violet,  an<l  inethylene-blue. 
These  solutions  are  best  made  l)y  pourinj;  into  clean 
bottles  enough  of  the  dyes  in  substance  to  fill  them  tx) 
about  one-fourth  of  their  capacity.  Each  bottle  should 
then  be  filled  with  alcohol  or  with  water,  tightly  corked, 
well  shaken,  and  allowed  to  stand  for  twenty-four  hours. 
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If  by  then  all  the  stain ing-material  has  been  dissolved, 
more  should  be  added,  the  bottle  being  again  shalien 
and  allowed  to  stand  for  another  twenty-four  hours; 
this  muiit  bu  repeated  until  a  i)ermauent  sediment  of 
uiidisHolved  coloring-matter  is  seen  ii])on  the  bottom 
of  the  bottle.  The  bottles  arc  then  to  be  labelled 
"  satnrat4>d  alcoholic  "  or  "  watery  "  solution  of  fucli- 
sin,  gentian-violet,  or  m ethyl enc-blne,  as  the  case  may 
be.  The  alcoholic  solutions  arc  not  dii-ecily  cmployetl  for 
slain  ing-pu  rponex. 

The  solutions  with  which  staining  is  acooraplishcd 
are  made  from  the  stock  solutions  in  the  following 
way : 

An  ordinarj'  test-tnbp  of  about  i;i  mm,  diameter  iti 
three-fourths  filled  with  distilled  water  and  the  con- 
centrate alcoholic  or  writer)'  solution  of  the  dye 
added,  little  by  little,  until  one  i^an  just  see  through 
the  solution.  It  is  then  ready  for  use,  C'-are  must  be 
taken  that  the  color  does  not  hecomc  too  dense.  TIic 
best  results   arc   obtained  when   this  dilution   is  jyM 


R*ck  u(  buttles  fi>r  stalnlne-solutlon!*. 


transparent  as  viewed  through  a  layer   about    12   to 
14  mm.  thick. 


HACTEEIOLOGy. 

Tlie  above  represent  the  stainiDg-iiolutions  in  every- 
day use.  Tliey  are  kept  in  bottles  ijiipplietl  with  stoppers 
and  pipettes  (Fig.  35),  and  when  used  are  dropped  upon 
the  preparation  to  Ix"  stained. 

For  ecrtaiu  bacteria  which  staiu  only  imperfectly 
with  these  simple  soUitions  it  is  necessary  to  employ 
some  agent  that  will  incri'ase  the  penetrating  iietion  of 
the  dyes.  Exjierience  iias  taught  us  that  this  can  be 
accomplished  by  the  addition  to  the  soUitionM  of  small 
quantities  of  alkaline  3nbatanfe>i,  or  by  di.ssolving  the 
Btaining-mat«rials  in  strong  watery  solutions  of  either 
aniline  oil  or  carbolic  acid,  instead  of  water — in  other 
words,  by  employing  special  tiolvents  and  mordants 
with  the  stains. 

Of  the  solutions  thus  prepared  which  may  always  be 
employed  upon  iKieteria  that  show  a  tendency  to  stain 
imperfectly,  there  arc  three  in  common  us*, — Loffler's 
alkaline  methyl  en  e-blue  solution ;  the  Koeh-Klirlich 
aniline-water  solution  of  either  fuchsin,  gentian-viiij.it, 
or  methylene-blue ;  and  Ziphl's  solution  of  fiichsin  in 
carbolic  acid.     These  solutions  are  as  follows : 

Loffler'n  alkaline  mdhylene-Uii^  mluHon : 


Concentrated  aluihutic  auluti 
Caustic  pobiah  in  1 :  10.000  wj 


iH-tliylfii 


Korh-Ehrlieh  aniline-^ntn'  mlutloti.  To  al>out  100 
c.e.  of  distilleil  water  aniline  oil  is  adde<l  ilrop  by  drop 
until  the  solution  has  an  opaque  apiieanmev,  the  vessel 
containing  the  solution  lieing  thoroughly  shaken  after 
the  addition  of  each  drop.  It  is  then  filtered  through 
moistened  filter-paper  until  the  tUtnite  is  perfectly 
clear.  To  100  e.c.  of  the  clear  liltmte  ad.!  10  e.e.  of 
ubwihite  alcohol  and  11  cc  of  the  concentrated  alco- 
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liolic  solution  of  either  fuelisin,  melhylene-bluc,  or  geii- 
tiuQ-vioIet,  preferabiy  fucligiii  or  geiitiu,ii-viulet. 
ZiehCn  carbol-Juchain  nuhdion  .- 

Distilled  wat«r ...  JOOc.c. 

Cnrbolio  atid.  IciyntftlUsett) Sgnimme*. 

Aluuhul    ... lOc.c 

Fucbsln  in  Habslance  .       1  gnuume. 


Or  it  may  be  prepared  by  adding  to  a  5  per  cent, 
watery  Roliition  of  carbolic  acid  the  saturated  aleoliolio 
Eolntion  of  fiichsin  uutil  a  mtitullic  lustre  appears  on 
the  Biirfare  of  the  fluid. 

The  Koch-Ehrlieh  solution  decomposes  after  a  time, 
BO  that  it  is  better  to  prepare  it  fresh  iu  small  (juantities 
when  needed  than  to  employ  old  solntioiis.  twliitions 
older  than  fourteen  days  fihoiild  not  be  used. 

The  three  solutions  jnst  given  may  be  need  for  cover- 
glasa  prepanitions  in  the  ordinary  way. 

In  some  rauuipulationa  it  )>ee(imes  necessary  to  stoin 
f  the  bacteria  very  intensely,  so  that  tliey  may  retain 
their  color  when  exposed  to  the  action  of  decolorizing 
[  ageJits,  These  methods  are  nsually  employed  when  it 
r.  is  desimble  to  deprive  surrounding  ohjeets  or  tisRues  of 
[  tiieir  color,  in  order  that  the  stained  bacteria  may  stand 
t  in  greater  contrast.  It  is  in  these  eases  that  the 
iTBtaining'Soliition  with  which  the  bacteria  are  being 
!fited  is  to  be  warmed,  and  in  some  eases  boiled,  so  as 
inereiLse  its  jxinctrating  action.  When  so 
1,  certain  of  the  bacteria  will  retain  their  color, 
I  when  exposed  to  very  strong  decolorizers.  The 
pttibercle  bacillus  is  distinguished  from  the  great  ma- 
f  of  other  bacteria  by  the  tenacity  with  which  it 
ts  the  color  when  treated  in  this  way ;   it  is  an 
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organism  difficult  to  stain,  but  when  once  stained  is 
equally  difficult  to  rob  of  its  color. 

Method  of  Staining  the  Tubercle  Bacillus. 
— Select  from  the  sputum  of  a  tuberculous  subject  one 
of  the  small,  white,  cheesy  masses  which  it  is  sei»n 
to  contain.  Spread  this  upon  a  cover-slip,  dry  and 
fix  it  in  the  usual  way.  The  slip  is  now  to  be  taken 
by  its  edge  with  forceps  and  the  film  covered  with  a 
few  drops  of  either  the  solution  of  Koc?h-Ehrlich  or 
that  of  Ziehl.  It  is  then  held  over  a  gas-flame,  at  first 
some  distance  away,  gradually  being  brought  nearer 
until  the  fluid  Ix'gins  to  boil.  After  it  has  bubbled 
once  or  twice  it  is  removed  fn)m  the  flame,  the  excess 
of  stain  washcnl  away  in  a  stream  of  water,  then  im- 
mersed in  a  .30  j)er  cent,  solution  of  nitric  acid  in 
water,  and  aUowed  to  remain  until  all  color  has  dis- 
apjieanMl.  This  takes  long(»r  in  some  cases  than  in 
others.  One  can  alwavs  determine  if  decolorization  is 
complete  by  washing  ofl*  the  acid  in  a  stream  of  water. 
If  the  pn'paration  is  still  distinctly  colored,  it  should 
be  again  innnersed  in  the  acid  ;  if  of  only  a  very  faint 
color,  it  may  be  dipj)ed  in  alcoliol,  again  washed  in 
water,  and  stained  witli  some  contrast-i'olor.  If,  for 
exam])le,  the  tnlxTcle  bacilli  have  been  stained  with 
fuchsin,  methylcne-blue  forms  a  gcxKl  contrast-stain. 
In  making  the  contrast-stain  the  steps  in  the  process 
are  exactly  those  followed  in  the  ordinary  staining 
of  cover-slip  preparations  in  general :  the  slip  e(mtain- 
in<r  the  stained  tnberele  bacilli  is  earefnllv  rinsed  in 
water,  and  a  few  (lro])s  o{  the  niethylene-blne  solution 
])laeed  upon  it  and  nllowed  to  remain  for  thirty  or 
fortv  seconds,  w  hen  it  is  airain  rinsed  in  water  and  ex- 
amined   inicroscopicaiiy.      Viw  tiie    purpose  of  ohserv- 
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ing  the  difference  in  behavior  of  the  tubercle  bacilli 
and  the  other  organisms  present  in  the  preparation 
toward  this  method  of  staining,  it  is  well  to  exam- 
ine the  preparation  microscopically  before  the  con- 
trast-stain is  made;  then  give  it  the  contrast-color, 
and  again  examine.  It  will  be  seen  that  before  the 
contrast-color  has  been  given  to  the  preparation  the 
tubercle  bacilli  are  the  only  stained  objects  to  be 
made  out,  and  the  preparation  appears  devoid  of 
other  organisms ;  but  upon  examining  it  after  it  has 
received  the  contrast-color  a  great  many  other  or- 
ganisms will  appear;  these  take  on  the  second  color 
employed,  while  the  tubercle  bacilli  retain  their  orig- 
inal color.  Before  decolorization  all  organisms  in  the 
preparation  were  of  the  same  color,  but  during  the  appli- 
cation of  the  decolorizing  solution  all  except  the  tubercle 
bacilli  gave  up  their  color.  This  micro-chemical  charac- 
teristic, together  with  reactions  to  be  described,  serves 
to  differentiate  the  tubercle  bacillus  from  other  organ- 
isms with  which  it  might  be  confounded.  A  number 
of  different  methods  have  been  suggested  for  the  stain- 
ing of  tubercle  bacilli,  but  the  original  method  as  em- 
ployed by  Koch  is  so  satisfactory  in  its  results  that  it  is 
not  advisable  to  substitute  others  for  it.  The  above 
differs  from  the  original  Koch-Ehrlich  method  for  the 
staining  of  tubercle  bacilli  in  sputum  only  in  the  occa- 
sional employment  of  Ziehl's  carbol-fuchsin  solution 
and  in  the  method  of  heating  the  preparation  with  the 
staining-fluid  ui)on  it. 

As  Nuttall  has  pointed  out,  however,  the  strong  acid 
decolorizer  used  in  this  method  can,  with  advantage, 
be  replaced  by  much  more  dilute  solutions,  as  a  num- 
ber of  the  bacilli  are  entirely  decolorized  by  the  too 
11 
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ewfi^pftu',  arrtioii  of  the  stnmg  acids.  He  recommends 
tli';  following  nietlKxl  of  decolorization :  after  staining 
tlK;  hlip  or  f^^'tion  in  the  usual  way,  pass  it  through 
tiirt^f  alcohols;  it  in  then  to  l>e  washed  in  a  solution 
<xmj{Mif)e^l  of 

Wmter 150  c.c 

Alobol ...      50  c.c. 

CaDcentnted  sulphuric  acid 20  to  30  drops. 

Fn»m  tluH  it  is  removc*<l  to  water  and  carefully  rinsed. 
The  remaining  ste^)**  in  the  process  are  the  same  as  those 
given  in  the  other  methods. 

(jrAHHETT's  Methoi)  for  the  staining  of  tubercle 
l^aiTilli  recommends  itself  l>ecause  of  its  simplicity  and 
the  rapidity  witli  which  it  <ran  be  performed.  By  many 
it  is  considered  the  best  method  for  routine  employ- 
ment. It  consists  in  staining  the  cover-slips,  ])repared 
in  the  manner  given,  for  from  two  to  five  minutes  in 
a  cold  carbol-fuchsin  sohition,  after  which  thcv  are  sub- 
jcH»te<l  to  the  action  of  Gabbctt's  niothylcn(»-blue  sul- 
phuric acid  solution.     This  latter  consists  of 

Bolphuric  acid  (Ktrength  25  j)er  cent.)   ....  100  c.c. 
Methylcne-blue,  in  substance 1  to  2  grammes. 

The  cover-slips  are  then  rinsed  in  water  and  arc  ready 
for  examination.  The  tubercle  bacilli  will  be  stained 
red  by  the  fuchsiu,  while  all  other  bacteria,  cell-nuclei, 
et<\,  will  be  tinted  blue. 

(Juam'h  Mkthoi). — Another  important  differential 
m(?th<Ml  of  staining  which  is  very  commonly  employed 
is  that  H'com mended  bv  Gram.  In  this  nuithod  the 
objects  arc  treat<*d  with  an  aniline-wat<T  solution  of 
gentian-violet  made  after  the  formula  of  Koch-Ehrlich. 
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After  rcnijiiniiig  in  this  for  tweniy  to  ttiirty  minutes 
tfi^y  urc  immerseil  m  a  soluttun  composed  of 

ludini^ I  gramme. 

Potaiwiaiii  iodide 

Distilled  wnter    ......  ,...,.. 


In  tliiB  they  rt'niain  for  about  five  minutes ;  tlioy  are 
tlien  transferred  to  alcohol  and  thoroughly  riofk.'d.  If 
still  of  a  violet  Rolor,  they  are  again  treated  with  the 
iodino  solution,  followed  by  ak-f>hol,  and  tlii.^  is  eon- 
tinned  until  no  trace  of  violet  is  visible  to  the  naked 
eye.  They  may  then  he  examined,  or  a  contrast-color 
of  (Mmiine  or  Bismarck-hrown  may  be  given  them. 

This  method  is  particularly  u.sefid  in  demonstrating 
the  capsule  which  is  seen  to  surround  some  bacteria, 
especially  micrococcus  lancfiolatun  of  pneumonia. 

Glacial  Acetic  Acii>  Mkthod. — Another  method 
that  may  he  employed  for  domonHtrating  the  presence 
of  the  capsule  surrounding  certain  organisms  is  to  pre- 
pare the  cover-slips  in  the  ordinarj-  way,  then  cover  the 
layer  of  bacteria  upon  them  with  glacial  acetic  acid, 
which  is  instantly  poured  nfl'  (not  waslieil  off  in  water), 
and  tlie  aniline-water  gentinu-violet  solutjun  dropped 
upon  them ;  this  is  allowed  to  remaiu  three  or  four 
minutes,  is  poured  off,  and  a  few  drops  more  are  added, 
and  lastly  the  slip  Is  washed  in  a  solution  of  sodium 
chloride.  Usually  this  is  of  the  strength  of  phyaio- 
lof^cftl  salt-solution,  vi/.,  0.6  to  0.7  per  cent.;  hut  at 
times  it  must  Imp  stronger,  ooaisionally  as  eonwn- 
trated  as  1.5  to  2  per  cent.  The  reason  for  this 
is  that  if  the  slipt*  he  washed  in  water,  or  in  salt- 
solution  that  id  too  weak,  the  mucin  capsule  that 
has  been  coogidated  hy  the  acetic  acid  is  redissolved 
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and  rendered  invisible.  This  does  not  occur  when  the 
salt-solution  is  of  the  proper  strength — a  point  that  can 
be  determined  only  after  a  few  trials  with  solutions  of 
different  strengths.  (Welch.)  A  very  clear,  sharply  cut 
picture  usually  follows  this  method  of  procedure. 

Ribbert  also  recommends  for  the  staining  of  capsu- 
latcd  bacteria  the  momentary  immersion  of  the  cover- 
slips  in  a  saturated  solution  of  dahlia  in  a  mixture  of 
100  parts  of  water,  50  parts  of  alcohol,  and  12^  parts 
of  glacial  acetic  acid ;  aft«r  which  the  excess  of  color 
is  removed  by  washing  in  water. 

Staininq  op  Spores. — We  have  learned  that  one  of 
the  points  by  which  spores  may  be  recognized  is  their 
refusal  to  take  up  stainingnsubstances  when  applied  in 
the  ordinary  way.  They  may,  however,  be  stained  by 
special  methods ;  of  these,  one  that  has  given  fairly  satis- 
factory results  in  our  hands  is  as  follows :  the  cover- 
slip  is  to  be  prepared  from  the  material  containing  the 
spores  in  the  ordinary  way,  dried,  and  fixed.  It  is  then 
to  be  held  by  its  edge  with  forceps,  and  its  surface 
covered  with  Loffler^s  alkaline  methylene-blue  solu- 
tion. It  is  then  held  over  the  Bunsen  flame  until  the 
fluid  boils ;  it  is  then  removed,  and  after  a  few  seconds 
is  heated  again.  This  is  continued  for  about  one  min- 
ute, after  which  it  is  washed  in  water  and  then  de- 
colorized in 

Alcohol  (80  per  cent.) 98  c.c. 

Nitric  acid 2  c.c. 

until  all  visible  blue  color  has  disappeared.  It  is  then 
rinsed  in  water  and  dipped  for  from  3  to  5  seconds  in 

Saturated  alcoholic  solution  of  eosin 10  c.c. 

Water      90c.c. 
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after  which  it  ie  again  rinsed  in  water  and  finally 
mounted  for  examination.  If  the  decolorization  in 
the  acid  alcohol  be  not  carried  too  far,  the  preparation 
will  show  the  spores  stained  blue  and  the  bodies  of  the 
cells  to  have  taken  on  the  rose  color  characteristic  of  eosin. 
By  another  process  the  cover-slip  is  floated,  bacteria 
down,  upon  the  surface  of  freshly  prepared  Koch- 
Ehrlich  solution  of  fuchsin  contained  iu  a  watch-crya- 
tal.  This  ia  then  held  by  its  edge  with  forceps  about 
2  cm.  above  a  very  small  flame  of  a  Bnnsen  burner, 
care  being  taken  that  the  flame  touches  only  the  centre 
of  the  bottom  of  the  crystal.  After  a  few  seconds  the 
crystal  is  gradually  elevated  until  it  is  about  6  to  8  cm. 
above  the  flame ;  then  it  is  slowly  moved  down  to  the 
flame  i^in,  and  this  up-and-down  movement  is  con- 
tinued until  the  staini  rig-fluid  begins  to  boil.  As  soon 
as  a  few  bubbles  have  been  given  off  it  is  hehl  aside 
for  a  minute  or  two,  when  the  heating  is  repeated. 
When  the  boiling  begins  the  crystal  is  again  held  a.side 
for  a  minute  or  two.  The  er)-8tal  is  heattnl  in  this  way 
five  or  six  times.  When  the  fluid  has  stoinl  for  about  five 
minutes  after  the  last  boiling  the  preparation  is  trans- 
ferred, without  washing  in  water,  to  a  second  watch- 
crystal  containing  the  following  decolorizing  solution : 

Abtiolute  atcobol 100  cc. 

Hydrochloric  acid 3  cc. 

In  this  solution  it  is  placed,  bacteria  up,  and  the 
vessel  is  tilted  from  side  to  side  for  about  one  minute. 
It  is  then  renuivcd,  washed  in  water,  and  stained  with 
the  motliylene-bliie  solution.  The  sj>i)res  will  be  stained 
red  and  the  body  of  the  cells  blue. 
Moblleb'm  Mrtiioi)  ixjii  Staining  Si-oKfs. — ^A 
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method  that  has  recently  been  piiblishecl  by  Moeller 
is  desigiie<l  to  fiivor  llie  penetration  of  the  coloring-j 
material  through  the   spore-membniiie   by  luaccratingfl 
the  spores  in  a  sohition  of  chromic  acid  before  stainini 
them.     It  is  as  follows  i 

The  cover-slips  are  prepared  in  the  usual  way,  or  the  i 
fixing  may  be  aeooniplished  with  absolute  alcohol  in- 
stead of  high  tenipemturet>.  The  preparation  is  held 
for  two  minutes  in  chloroform,  washed  in  water,  placed 
for  from  one-half  to  two  minutes  in  a  5  per  e«nt.  Bolu- 
tJun  of  chromic  acid,  again  washed  in  wutcr,  and  stained 
with  earlK>l-fiK>h&in.  In  the  process  of  staining,  the  slip 
is  taken  by  the  corner  with  forceps,  and  oarbol-fuchsin 
ie  dropped  upon  the  side  containing  the  spores.  It  is 
thcD  held  over  a  flame  until  it  Imil^,  and  tlien  lield 
si^ime  distance  above  the  flame  for  one  minute.  The 
staining-fluid  is  then  poured  off*  and  the  preparation  is 
tH)mpIetely  decolorize*!  in  5  per  cent,  sulphtirio  acid, 
again  washe<l  in  water,  and  finally  stained  for  thirty 
seconds  in  the  watery  methylcne-bhie  solution.  The 
spores  will  be  red,  the  body  of  the  cells  blue. 

In  this  method  the  olycct  of  the  preliminary  ex- 
posure to  chloroform  is  to  dissolve  any  eiystals  of  leci- 
thin, eliolcsterin,  or  fat  that  may  be  in  the  prqiaration, 
and  which  when  stained  might  cause  confusion. 

It  must  be  remembered  that  there  are  conspicnous 
differences  in  the  behaviorof  spores  of  different  bacteria 
to  BtaiDing-metliods  and  of  the  spores  of  a  single  8[)ecie8 
in  different  stapes  of  development.  Some  stain  readily 
by  either  of  the  methods  especially  devised  for  this 
purpose,  while  others  can  hardly  \x  Ptjiinc*!  at  nil,  or 
only  with  the  gnatest  difficulty,  by  any  of  the  known 
processes ;  some  stain  readily  when  fully  developed,  but 
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with  difficulty  when  only  i>artly  developed ;  otliers  have 
this  peculiarity  reversed. 

LrfjppLER's  Method  foii  Staisixo  Flaoeli^. — 
Fur  the  demonstration  ol'ihe  looomotive  apparutiis  pos- 
sessed by  motile  baeteria  we  are  indebted  to  Ijoffler. 
By  a  special  metliod  of  staining,  in  which  the  use  of 
mordants  played  the  e^uential  purt,  he  has  shown  that 
these  organisms  possess  very  dclicat*,  hair-like  appen- 
dages, by  tlie  lashing  inovementH  of  whicli  they  propel 
themselves  through  the  fluid  in  wliich  they  are  growing. 
The  method  us  given  by  Loffler  is  as  follows : 

It  is  essential  that  the  bacteria  be  evenly  and  not 
too  numeroii^y  distributed  upon  the  cover-slip.  The 
slips  must  therefore  be  perfectly  clean.  (See  Loffiet'a 
method  of  cleaning  cover-slips.)  Five  or  six  of  the 
carefully  cleansed  cover-slips  are  to  be  placet!  in  a  line 
on  a  table,  and  on  the  centre  of  each  slip  a  very  small 
drop  of  tap-water  ia  placwl.  From  tlie  culture  to  be 
examinetl  a  minute  portion  is  transferred  to  the  first 
slip  and  tvarcfully  mixed  with  the  drop  of  water;  frxira 
this  mixture  a  small  portion  ia  transferred  to  the  second, 
and  from  the  second  to  the  third  slip,  and  so  on,  in  this 
way  insuring  a  dilution  of  the  number  of  organiKms 
present  in  tlio  preparations.  These  slips  are  then  dried 
and  fixed  in  the  ordinary  way.  They  are  next  to  be 
warmed  in  the  following  solution  : 

Tannicscid  »o1ntion  in  water  (30  acid,  80  water]  .   .       .10  c.c 
Cold  saturabyl  Boliition  nf  ferroaHBiilphnte  .  5  c.c. 

Satnraled  wateiy  nr  alrahulic  solutioD  of  Richsin    ...      1  c.c. 


This  solution  repR'ficnts  the  monlant.  A  few  dmps 
of  it  are  to  be  placed  uptm  the  film  of  bacteria  on  the 
cover-slip,  which  is  then  to  bo  held  over  a  flame  until 
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the  solution  begins  to  steam.  It  should  not  be  boiled. 
Aft^r  steaming,  the  mordant  is  washed  off  in  water  and 
finally  in  alcohol.  The  bacteria  are  then  to  be  stained 
in  a  saturated  aniline-water-fuchsin  solution. 

When  treated  in  this  way  different  bacteria  behave 
differently :  the  flagella  of  some  stain  readily  in  the 
above  solutions ;  others  require  the  addition  of  an  alkali 
in  varying  quantities ;  while  others  stain  best  after  the 
addition  of  acids.  To  meet  these  conditions  an  exact 
1  per  cent,  solution  of  caustic  soda  in  water  must  be 
prepared,  and  also  a  solution  of  sulphuric  acid  in  water 
of  such  strength  that  one  cubic  centimetre  w  ill  be  ex- 
actly neutralized  by  one  cubic  centimetre  of  the  alkaline 
solution. 

For  different  bacteria  which  have  been  studied  by 
this  method  LoflBer  recommends  the  one  or  the  other  of 
these  solutions  te  be  added  to  the  mordant  in  the  follow- 
ing proportions. 

Of  the  acid  solution  : 

For  spirillum  cholera  Aaiaticx,  i  to  1  drop  of  arid  to  Ifi  c.c.  of  mordant. 

For  apirUlum  rnbrum,  9 

For  spirillum  Metchnikoffif  4 

For  haeillM  pyocyaneits,  5 

For  apiriUum  concentriaimf  no  addition  of  either  acid  or  alkali. 

Of  the  alkaline  solution  : 

For  baciUiu  menenterieiu  vtdgattUf  4  drops  of  alkali  to  16  c.c.  of  mordant 

For  micrococcus  affili«f  20  "  **  "  '* 

For  badllus  typhosus,  22 

For  bacillus  suhtilis,  28-30 

For  bacillus  (etlematismaligni,  36-37        "  "  "  " 

For  bacillus  anthracis  symp- 1 
tomatici,  i 

The  drops  used  run  22  to  the  cubic  centimetre. 
For  other  orjr«inisnis  one  must  determine  wliether  the 
results  are  better  after  the  addition  of  acid  or  alkali, 
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and  how  much  of  either  is  required.  In  general,  it  may 
be  said  that  bacteria  which  produce  acids  in  the  media 
in  which  they  are  growing  require  the  addition  of  alka- 
lies to  the  mordant,  while  those  that  produce  alkalies 
require  acids  to  be  added.  By  following  LoflBer's  direc- 
tions the  delicate,  hair-like  flagella  on  motile  oi^anisms 
may  be  rendered  plainly  visible. 

There  are  several  j)oints  and  slight  modifications  in 
connection  with  this  method  that  require  to  be  empha- 
sized in  order  to  insure  success :  the  culture  to  be  em- 
ployed should  be  young,  not  over  18-20  hours  old ;  it 
should  have  developed  for  this  time  on  fresh  agar-agar 
at  37°  to  38°  C. ;  the  mordant  should  not  be  jx^rfectly 
fresh,  as  the  best  results  are  obtained  from  the  use  of 
old  solutions  that  have  stood  exposed  to  the  air  and 
that  have  been  filtered  just  before  using;  when  placed 
on  the  cover-slip  and  held  over  the  flame  never  heat  the 
mordant  to  the  boiling-point ;  indeed ,  the  best  results  are 
obtained  when  the  preparation  is  held  high  cd)Ove  theflanie 
and  removed  from  it  at  the  first  evidence  of  vaporization, 
or,  better  stilly  a  little  before  this  point  is  reached.  We 
have  derived  no  advantage  from  the  addition  of  acids 
or  alkalies  to  the  mordant,  as  recommended  by  Ijoffler ; 
but  obtain,  with  a  fair  degree  of  regularity,  satisfactory 
results  through  the  use  of  the  neutral  mordant  alone.^ 

Bunoe's  Method. — A  useful  modification  of  Lof- 
fler's  method  is  that  recommended  by  Bunge  :  prepare 
a  saturated  solution  of  tannin,  and  a  solution  of  liquor 
ferri  sesquichlor.  of  the  strength  of  1  :  20  of  distilled 
water.     To  3  parts  of  the  tannin  solution  add  1  part  of 

1  I  am  indebted  to  Dr.  James  Homer  Wright,  Thomas  Scott  Fellow 
in  Hygiene,  lS92-'93,  University  of  Pennsylvania,  for  some  of  the 
suggestions  in  connection  with  the  modification  of  this  method. 
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the  dilute  iioii  <i[4iitkMi.  To  10  ex.  of  sodi  m  mixture 
ftdd  1  ex.  of  cMM^mtnted  vTtteiy  a.4iit]0Q  of  fbdisiii. 
Tli]<  moffdun  is  mi  u>  be  tt^ied  fiv^sh,  but  <»lv  aAer 

m 

<CftBiiiv  ex|^it!i£«i  i»>  tke  air  m  s^einenJ  days  ^better  fot 
:sy'rfnJ  «y<^  ^  Aikir  pfvfiixi^  dK-  ci>vier<^ip  with  all 
|«YV«»x»*'«t>  mMVtSkSirr  iic»  eios^iKiss  tbe  filtered  moidant 
iv  j^^^l^'^'i^a  )^  4Kt  mU  ire  jiMES  £\^  ■unotes.  after  whieh 
ii  is  sUkfi)^^  m:H7nM%i:  tiM*  <^  is  ibefi  varied  in 
^^nitrfr,  4r»cA.  jm£  ^w^  :<«aE3i^  mitk  caiboMbehsiii. 
\y  n^idTKi^  /<r  4ini£  vfT  ailkaS  )««>  t^  HK«\iuit  is  neees- 

,xN  N'Kv  s  .\  xm ^if^':Tti7ti|^  ^  Ter^QKv  of  &tc^lLi  is  that 
^  ^:^v-  ^'^  ^     * "    ^  u«   >^n«vtiic«f*«rK     l^  is  ^^SDewhjit  more 

;  »     K    \vv    \    \    ,   ;vv*\v>.  \  .\vu3x\?  vWcr-sJip  place 

X- ^       *     V    :\  \^,^^   ^\J  .S4;^>vvpvr  v^uhun^  of 

.K    >^\-^-  **      ^^    V   >v.v\;v\l      I'lfc*;^    >;i>iv:vsitMi    of  the 

yv.\'»v  *  ''''  '•^^'^  '^^^  >\V4VH.Nu  ssJ*  xi^^^^  ^vUs  on  tlio  slip 
vv^^*^^^       ^*^^   '***^*^^  ^^^"^^  ^^"^  ^^  ^^'  drttHl  in  fhoairand 

yVKVvv\  *^^^^  v^M^^VVv^V  *,<WM\v^O  1  paft. 

^\ss\vvVss  v^N^  *^*  ^'^'^  >^'^*  »sv\u»uv»0  ...    2  jmrtvs. 

I\s  \\w  \\\s^^^^^^^^  ^  ^^^'  ^\ln>|>s  of  glacial  aeetir  arid  may 
\\\\  ^\\\\s'^^^  **^^^  s\|H^noiuv  has  shown  this  to  he  lianlly 
nv\s  »*«o>  1*1'^^'^'  »*  *l»>^|>  or  two  of  ihr  mordant  on  the 
iH^w  \   '^^V  ^^*  '**'  *^t<^inod,  ami  aUow  it  to  act  lor  one-lialf 
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hour  at  room -temperature,  or  for  live  minutes  at  50°  to 
()0°  C.  Wash  carefully  in  water  and  in  ulcuhul,  and  then 
immerse  for  a  few  seconds  in  the  "  sensitizing  bath," 
viz.,  a  0.26-0.5  [>er  cent,  solution  of  silver  nitrate. 
Without  wasliiiig,  bring  tlie  slip  into  a  wate'h-crystalful 
of  tlie  "rc'diiciiig  and  reinforcing  batii,"  viz.: 


Gallic  acud  .   ■ 

Tinuin - 

Fiued  potaa^om  acetate    . 
DtstUled  vater 


After  a  few  seconds  pass  the  elip  back  into  a  wateh- 
crystal  containing  the  dilute  silver  bath  (0.25-0.5  per 
cent,  solution  of  silver  nitrate  in  water)  and  keep  it 
in  constant  motion  until  the  solution  begins  to  take  on 
a  brown  or  blackish  color.  Wa^th  in  water  i/ioroiM^Wy; 
dry  with  blotting-paper,  and  mount  in  lialsam. 

Bowniix'a  Method. — From  a  fresh  culture  on  agat^ 
agar  make  a  suspension  in  sterilized  distilled  water  in  a 
test-tube ;  allow  this  to  stand  for  five  minutes ;  from  the 
supernatant  fluid  prepare  cover-slips,  care  being  taken 
that  the  slips  are  clean  and  that  too  much  heat  is  not 
applied  in  fixing;  float  the  cover-slip,  bacteria  down, 
upon  Borne  of  the  following  mixture  in  a  watch-glass : 

9nti]mtM  slcoboUc  eolntiun  i 
20  per  cent.  Bolution  of  Isoi 

solved  by  heating)  .    .    , 
WaHllEil  wftter    .   .    ,   .       . 


Gently  warm  the  fluid  and  allow  the  preparation  to 
remain  in  it  for  10-15  minutes;  then  rinse  in  water, 
and  finally  mount  and  exsimine  in  water  or  dry  and 
mount  in  xylol  balsam.' 

'  Bowbill;  HfgieaiBcha  BuiidBcbau,  1«)B,  No.  3,  p.  105. 
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STAINING   IN   GENERAL. 

The  physics  of  staining  and  decolorization  is  hardly 
a  subject  to  be  discussed  at  length  in  a  book  of  this 
character;  but,  as  Kiihne  has  pointed  out,  it  may  be 
briefly  said  that  solutions  which  favor  the  production  of 
diffusion-currents  facilitate  intensity  of  staining,  and  by 
a  similar  process  increase  the  energy  of  decolorizing- 
agents.  For  example,  tissues  which  are  transferred 
from  water  into  watery  solutions  of  the  coloring-mat- 
ters are  less  intensely  stained  and  more  easily  decolor- 
ized than  when  transferred  from  alcohol  into  watery 
staining-fluids ;  for  the  same  reason  tissues  stained  in 
watery  solutions  of  the  dyes  do  not  become  decolorized 
so  readily  when  placed  in  water  as  when  placed  in 
alcohol. 

The  diffusion  of  stain ing-solutions  in  the  protoplasm 
of  dried  bacteria,  as  found  upon  cover-slip  preparations, 
is  much  greater  and  more  rapid  than  when  the  same 
bacteria  are  located  in  the  interstices  of  tissues.  These 
differences  are  not  in  the  bacteria  themselves,  but  in  the 
obstruction  to  diffusion  offered  by  the  tissues  in  which 
they  are  located.  The  result  of  absence  of  diffusion 
may  easily  be  illustrated  : 

Prepare  a  cover-slip  preparation,  dry  it  carefully,  fix 
it,  and,  without  allowing  water  to  get  on  it  from  any 
source,  attempt  to  stain  it  with  a  solution  of  the 
dyes  in  absolute  alcoholy  washing  it  subsequently  with 
absolute  alcohol ;  the  result  is  negative.  The  abso- 
lute alcohol  does  not  possess  the  property  of  diffusing 
into  the  dried  tissues,  and  hence,  as  has  been  stated, 
alcoholic  solutions  of  the  staining-dyes  should  not  be 
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employed.  The  staining-iiyes  should  always  be 
watery.^ 

DECOLORIZINC^^)LUTIONS. — As  regards  the  employ- 
ment of  decolorizing-agcnts,  it  must  always  be  borne  in 
mind  that  objects  whicli  are  easily  stained  are  also  easily 
decolorized,  and  those  that  can  be  caused  to  take  up  the 
staining-material  only  with  difficulty  arc  also  very  diffi- 
cult to  rob  of  their  color.  The  most  common  decolor- 
izer  in  use  is  probably  alcohol — not  absolute  alcohol, 
but  alcohol  containing  more  or  less  of  water.  Water 
alone  has  this  property,  but  in  a  much  less  degree  than 
dilute  alcohol.  On  the  other  hand,  a  much  more  ener- 
getic decolorization  than  that  possessed  by  either  alone 
can  be  obtained  by  alternate  exposures  to  alcohol  and 
water.  More  energetic  in  their  decolorizing  action  than 
either  water  or  alcohol  are  solutions  of  the  acids.  They 
appear,  particularly  when  they  are  alcoholic  solutions, 
to  diffuse  rapidly  into  tissues  and  bacteria  and  very 
quickly  extract  the  staining-materials  which  have  been 
deposited  there.  For  this  reason  these  solutions  should 
be  employed  with  much  care. 

Very  dilute  acetic  acid  robs  tissues  and  bacteria  of 
their  stain  with  remarkable  activity ;  still  more  ener- 
getic are  solutions  of  the  mineral  acids,  and  particularly, 
as  has  been  sjiid,  when  this  action  is  accompanied  by 
the  decolorizing-properties  of  alcohol. 

The  acid  solutions  commonly  employed  are  : 

Acetic  acid  in  from  0.1  to  »5  per  cent,  watery  solution. 

*  In  the  beginning  of  this  chapter  it  was  stated  that  the  saturated 
alcoholic  solutions  of  the  dyes  do  not  serve  sis  stains  for  bacteria.  It 
must  be  remembered  that  this  holds  only  wlien  absohite  alcohol  and 
perfectly  dry  coloring-matters  have  been  used.  If  but  a  small  pn>por- 
tion  of  water  is  present,  the  bacteria  may  be  stained  with  these  solu- 
tioiu,  though  the  results  are,  as  a  rule,  unsatisfactory. 
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Nitric  arjid  in  from  20  to  '50  per  cent  wateiy  solii- 
tioii* 

lIy<lr(M;hloric  ar;id  in  from  1  to  3  per  oenL  solutioii  in 
aU5i>ljoL 

HTAIMNO   OF   BACTERIA    IN   TISSUES. 

In  Kifiining  tinHUc^H  for  the  puri)ose  of  demonstratii^ 
(he  I>a4;teriu  whieh  they  may  contain  a  number  of  points 
muHi  Ih*  Ixinie  in  mind  :  the  r^onditions  whieh  favor  the 
diflunion  of  the  Ktaining-fluidK  into  the  bacteria  are  now 
not  HO  favorabh;  to  rapid  Ktaining  as  they  were  when 
the  IwKrtifria  alone  W(?re  present  ujxm  cover-slips;  the 
Htiiining  of  tisHuen,  th<;refore,  requires  a  longer  exposure 
Ui  the  dycH  than  c|ik*h  that  of  cover-slips.  In  tissues, 
Umi,  there  are  other  substanc^es  beside  the  bacteria  which 
\)t'i'Ai\i\i\  Htaini'd,  and  the8(»,  uiil<*ss  robbed  in  whole  or  in 
|Mirt  of  th*ir  r(»lor,  may  ho  mask  the  stained  bacteria  as 
to  n*hd<T  thrm  difliriilt,  if  not  impossible,  of  detection. 
TihHiM'H  miihf,  thrrcforc,  always  be  subjected  to  some 
d<»^M'<'*'  of  d*'colori/afion,  and  this  must  be  accomplished 
without  dr|iriviiijx  the  ba<!t(!ria  of  their  color. 

Thr  drlails  of  the  mctlKnl  of  decolorization  will  be 
dcMcribcd  ill  the  s<>ct ion  on  the  te(;hui(|ue  of  staining. 

Another  point  to  be  remembered  in  staining  tissues 
in  thiit  they  eaiinot  be  heated  and  retain  their  structure 
Ml  the  Miime  way  tliat  one  h(»ats  (H)ver-8lip8.  The  best 
n*Hultx  are  not  obtained  in  etibrts  to  hasten  the  staining 
liy  Hubjeetion  t<»  liigli  tempenitures,  but  rather  by  longer 
ox|M)HiireH  to  lower  temp<'nitiir(»s. 

IlAUhKNiNO  TIIK  Tissiix — The  bits  of  tissue* — not 
hirgtT  than  on<»  cubic  centimetre — are  to  be  placed,  as 
fn»Hh  as  |MWHible«  in  absolute  aleohol.  Th(»y  should  rest 
U|M»n  a  pad  <»f  cotton  or  tiltt'i-papcr  in  the  bottle  con- 
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tainiug  the  alcobol,  in  onlcr  tlmt  they  may  be  elevaUxl 
and  surruumJetl  by  the  purtioii  of  the  aluohol  whicli  is 
specifically  the  liglitest,  aud  oongcquently  contains  least 
water.  The  alcohol  abstracts  water  from  the  tissue, 
aiid  as  tlie  dehydration  proceeds  the  tissue  becomes 
accordiogly  more  and  more  dense.  When  of  about  the 
consixtency  of  fresh  solid  rublwr,  or  iircferably  not  quite 
80  dense,  it  is  ready  to  cut.  A  small  portion,  alxtut  half 
a  cubic  centimetw,  should  be  cemented  to  a  bit  of  cork 
with  ordinary'  mucilage,  and  ollowwl  to  remain  in  the 
open  air  for  a  minute  or  two  for  the  mucilagi'  to  hanlen. 
Alcohol  should  be  dropjH^  ii|>on  it  occasionally  to  pre- 
vent drying  of  the  tissue.  When  the  mucilage  is  hard 
the  cork  with  the  pietre  uf  tissue  upon  it  may  be  left  in 
alcohol  over  night,  and  on  the  following  day  tlie  sec- 
tions may  be  cut. 

Sectios-cl'tting. — This  iw  accomplished  by  the  nue 
of  an  instrinnent  known  as  a  mierotonie.  In  Fig.  36 
is  seen  the  form  now  commonly  employed.  It  ih  known 
as 8(!han7;e's  microtome.  It  lHana])pamtusprovide<l  with 
a  clamp  for  hohling  the  c^irk  upon  which  the  liKsue  is  ce- 
raenled,  ami  also  a  sliding  clamp  which  carries  a  knife. 
The  tissue  isclampcil  horizontally,  and  the  knife  is  caused 
toslide  across  its  up]H-r  surface, also  inahonKontal  plane. 
Ilcneath  the  clamp  fl>r  holdiug  the  tissue  is  a  milWl  disk, 
l)y  means  of  whic-h  a  screw  is  cansc<l  to  n-volve,  and  in 
revolving  raises  or  lowers  the  clamp  holding  the  tissue, 
m  that  the  tissue  may  be  brought  closer  to  or  farther 
from  the  plane  in  which  the  knife  slides.  liy  this 
Hrningerncnt  si'ctions  of  any  desired  thickness  can  be 
cut  by  turning  the  millc*]  disk  with  the  one  band  and 
enmting  (lie  knife  (o  tniversc  the  ti.s.ine  with  the  other. 
The   tissue   mid   the   knifc-ldude  should   be  kept  wet 
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wt<li  jiliiiluil,  tut  thiit  the  Fectidiis  may  float  upoD  the 

Mitilt'  iif  till-  kiiifi',  from  which  they  can  easily  be  re- 

iiiDVi'il,    without   tearing,  with  a  ciirveil   needle   or  a 

Fid.  U, 


IVhair  hnijih.     Ah  tho  cectinns  arc  ont  they  are 

il  ill  a  ilisli  i-onlaining  nh-dhul. 

iTc  aiv  siiiiie  tissnert  vliieh,  hy  reason  of  their 
hist  1  ill i<;ii-ul  sti'iictiire,  <hi  not  heeonie  snilieiently  dense 
wlieii  <'X|Mise(i  to  alciihiil  to  {KTinit  of  their  heing  cnt  in 
the  aliiive  way.  It  hiMiiines  nea-ssiry  to  renilcr  thom 
mure  soliil  l>y  lillin^  their  iiiterstiees  with  some  siil>- 
ttiini-e  that  iieillier  interferes  with  tlieir  strneture  nor 
|ireveols  Ihi'ii-  iH'injT  eot  Into  seelions.     They  must  be 

•■ill I.h-<l,"nsthisi>r.«-e«sisealh>.i. 

l,iilir.l-lii>;i  ill  i;llmli,i.  Most  conveniont  for  this 
)>Llr|Hl^e  is  eclliiiiliii,  a  IhkIv  somewhat  similar  to  collo- 
ctiiiii,  siihilile  ill  :i  mixture  of  eijiial  ]>art^  of  alcohol  and 
t'lher,  ax  well  as  in  alis<iliite  alcohol. 
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After  liartlpiiing  ia  alcohol  the  tissue  to  be  imbedded 
U  plaudd  in  a  mixture  of  equal  parts  of  absolute  alcohol 
auJ  ether  and  left;  there  for  twenty-four  liours.  It  is 
thvo  tmnsferred  tti  celloidin.  Two  solutions  of  celloidin 
are  to  be  employed :  tliu  uue  u  thin  milutioii  in  a  mixture 
of  equal  parts  of  absolute  alcohol  and  etlier,  the  other  a 
thick  solution  in  the  same  solvent.  Into  the  thin  solu- 
tion, which  should  be  of  about  the  consistence  of  very 
thin  Hyrup,  the  tissue  is  pliiced  Irom  the  absolute  alcohol 
and  ether,  and  allowed  to  remain  for  twenty-four  hours. 
It  is  then  placeil  in  the  thick  solution  for  about  a  day. 
When  removetl  it  should  be  placed  immediately  upon 
a  bit  of  cork  or  a  block  of  wood.  The  adherent  cel- 
loidin  act»i  as  a  eemt-nt ;  ba  it  hardens  rapidly  the 
tiBBUe  is  Rjoti  fust  to  tlie  turk.  The  section  is  then 
left  in  GO  [jer  c<?ut.  alcohol  for  twenty-four  hours  to 
complete  the  solidification  of  the  celloidin,  after  which 
sections  may  bo  cut  in  the  way  jnst  describeil  for  tiasuoB 
not  60  treated. 

Imbedding  in  paraffin.  After  bits  of  the  tissue  not 
larger  than  a  cubic  centimetre  have  lieen  hardened  in 
the  usual  way  they  arc  pluctHl  in  fresh  ahuolule  alcohol 
for  twenty-four  hours  to  comiilete  the  process.  From 
tills  they  arc  transferred  to  pure  turpentine,  and  kept  in 
a  warm  oven  at  a  tpni[)erature  not  exceeding  35°  to 
38°  O.  Here  they  remain  until  thort>ughly  saturated 
with  the  turpentine,  as  is  recojjnizwl  by  the  transparent 
appearance  they  anstime.  From  tliis  they  are  placed  in 
paraffin  that  melts  at  63°  C,  and  allowed  to  remiiiii  in 
this  for  three  or  four  hours.  They  are  then  trans- 
ferred to  a  small  pajier  or  mc>tal  mould,  or  a  pill-box, 
and  melted  parafhn  is  [wured  over  them.  When  the 
paraffin  has  become  solid  the  mould  or  box  is  removed 
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from  amund  it,  the  excess  of  paraffin  trimmed  from 
about  the  imbedde<l  tissue,  and  the  latter  is  ready  for 
cutting. 

When  the  sections  are  cut  they  are  freed  from  par- 
affin by  exposing  them  to  turi)entine ;  the  latter  is  re- 
moved by  washing  in  alcohol  and  the  sections  can  then 
be  stained  in  the  ordinary  way.  In  cutting  sections 
from  tissues  that  have  been  imbedded  in  paraffin  the 
long  axis  of  the  knife  should  be  at  nearly  right  angles 
to  the  direction  in  which  the  knife  tnivels.  For  bacte- 
riological purposes  the  method  of  imbedding  in  paraffin 
does  not,  as  a  rule,  give  such  good  results  as  when  the 
celloidin  method  is  employed.  In  this  work,  therefore, 
the  latter  is  usually  preferred. 

Staining  the  Sfx^ions. — The  sections  when  cut 
may  be  stained  in  a  variety  of  ways.  The  ordinary 
watery  solutions  of  the  three  common  basic  aniline 
dyes — fuchsin,  gentian- violet,  and  methylene-blue — 
or,  what  is  better,  the  alkaline  metliylene-blue  solution 
of  Loffler,  may  be  employed  for  general  use. 

Some  of  the  acid  aniline  dyes,  as  well  as  some  of  the 
vegetiible  coloring-nuitters,  are  essentially  nuclear  stains, 
an<l  are  not  applicable  to  the  staining  of  bacteria. 

Into  a  watch-glass  containing  either  of  the  staining- 
solutions  mentioned  the  sections  are  to  be  placed  aft(T 
haviuir  been  in  water  for  about  one  minute.  Thev  re- 
main  in  the  staining-solutions  for  from  five  to  eight 
minutes.  Thev  are  then  removed,  rinscnl  in  water,  and 
partly  decolorized  in  0.1  per  cent,  solution  of  acetic  acid 
for  only  a  few  S(»conds ;  agjiin  wasluul  in  water,  then 
in  absolute  alcohol  for  a  few  seccmds,  and  from  this  again 
into  absolute  alcohol  for  the  same  time,  and  finally  into 
cedar-oil  or  xylol.    Here  they  remain  for  from  one-half 
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to  three-fourths  of  a  minute.  They  are  now  to  be  evenly 
spread  upon  a  spatula,  which  is  held  under  them  in 
the  fluid,  and,  without  draining  off  the  fluid,  are 
transferred  to  a  clean  glass  slide.  This  must  be  done 
carefully  to  avoid  tearing.  The  easiest  way  to  do  this 
is  to  hold  the  spatula  on  which  the  section  floats  in  one 
hand,  with  its  point  just  touching  the  surface  of  the 
glass  slide,  and  then  with  a  needle  gently  pull  the 
section  upon  the  slide.  The  fluid  comes  with  it,  and 
the  floating  section  may  be  eiisily  spread  out  into  a  flat 
surface.  Tlic  excess  of  fluid  is  taken  up  with  blot- 
ting-pajKT,  after  which  a  drop  of  xylol-balsam  is  placed 
upon  the  centre  of  the  section,  which  is  then  covered 
with  a  thin,  clean  cover-slip.  It  is  now  ready  for 
examination. 

Each  step  in  the  above  process  has  its  definite  object. 
The  sections  are  placed  in  water  before  staining  in  order 
that  the  diffusion  of  the  staining-soluticm  into  the  tis- 
sues may  be  diminished  ;  otherwise  our  efforts  at  render- 
ing the  bacteria  more  conspicuous  by  decolorizing  the 
tissues  in  which  they  are  located  would  rob  the  bacteria 
of  their  color  as  well. 

The  acetic  acud  and  also  the  alcohol  are  decolorizers. 
They  are  employed  to  reduce  the  excess  of  stain  in  the 
tissues,  though  they  also  have  some  decolorizing  action 
upon  the  bacteria.  The  cedar-oil  and  xylol  are  bodies 
which  mix  on  the  one  hand  with  alcohol,  and  on  the 
other  with  balsam.  They  are  known  as  "clearing- 
fluids,"  and  not  (mly  serve  to  differentiate  the  compo- 
nent parts  of  the  tissue,  but  fill  up  the  gap  that  would 
otherwisi^  be  left  in  the  process,  for  a  section  cannot 
be  mounted  in  balsam  directly  from  alcohol ;  the  two 
bodies  do  not  mix  perfectly.     A  number  of  clearing- 
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agents  are  in  general  use ;  in  faot,  almost  all  the  essen- 
tial oils  come  under  tliig  head.  There  is  one — oil  of 
cloves — whitrli  is  very  comraouly  used  in  histological 
work ;  but  it  must  not  be  employed  for  tissues  contain- 
ing bacteria.  It  not  only  extracts  too  ninch  color  from 
the  bacteria,  hnt  causes  them  to  fade  aft«r  the  seetions 
have  been  mounted  for  a  time. 

When  the  section  thus  stained  and  mounted  is  exam- 
ined microscopically  it  may  be  found  that  the  tissues 
still  possess  so  much  color  that  the  bacteria  are  not  vis- 
ible, in  which  case  they  have  not  been  decolorized  euffl- 
ciently ;  or,  on  the  other  hand,  both  bacteria  and  tii^ues 
may  have  parted  with  their  stains — then  deeolnrization 
has  been  carried  too  tar.  In  either  case  the  fault  must 
be  remedied  in  the  manipulation  of  the  nest  section  to 
bo  mounted. 

In  short,  the  steps  in  the  procesB  of  staining  sections 
in  general  are  these : 

a.  From  alcohol  into  distilled  water  for  one  minnte. 

b.  Into  the  etaining-fluid  for  from  live  to  eight  min- 
utes. 

c.  Into  water  from  three  to  five  minutes. 

d.  Into  0.1  |>er  cent,  acetic  acid  for  about  one-half 
minute. 

e.  Into  absolute  alcohol  for  a  few  seconds. 

/.  Into  absolute  alcohol  again  for  a  few  seconds. 

g.  Xylol  for  almut  one-half  minute. 

h.  Removal  with  spatula  or  section-lifter  to  tlide. 

t.  Removal  of  exee.'W  of  xylol. 

j.  Mounting  in  xylol-balsam. 

The  section  must  be  liftwl  from  one  vc?-.ael  to  the  other 
by  menus  of  either  a  curvwl  ucc<lle  or  a  glass  rod  drawn 
out  to  a  fine  end  and  bent  in  the  form  of  a  curved  needle. 
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By  the  at>ove  process  of  staioiiig,  whii;li  can  be  pmc- 
tJsed  as  &  routine  tiietliod  for  iuohI  bacteria  in  tiseiics, 
the  nucltii  of  the  tiMsue-colls,  aa  well  as  the  bacteria,  will 
be  more  or  leaa  deeply  stained. 

SpEt^iAL  Methods  of  Staining  Bacteria  in 
Tissues. — For  purposes  of  contrast-stains  it  sometimes 
becomes  xiceessary  to  dct^Iorize  completely,  or  nearly 
completely,  the  tissues  and  leave  the  bacteria  unaltered 
in  color.  For  tins  purpose  Hpeeial  methods  depending 
on  the  staining-peeiiliarities  of  the  bacteria  under  con- 
aideration  have  been  devised. 

Gram's  md/wd  wUli  tisnuex.  One  of  the  nio^t  com- 
monly eraploycf]  differential  stains  i,s  that  of  Gram. 
In  general,  it  is  practised  in  the  way  given  for  its  em- 
ployment on  cover-slip  preparations,  with  some  slight 
mod  iii  cat  ions. 

In  this  method  the  sections  are  transferred  from 
water  into  a  solution  of  aniline-water  gentian- violet,  as 
prepaiwl  by  the  Koeh-Ehrlich  formula,  but  which  has 
been  diluted  with  about  one-third  its  volume  of  water. 
In  tills  the  sections  n>maln  for  about  ten  minutes,  pref- 
erably in  a  warm  place,  at  a  temperature  of  almiit  40°  C. 
They  should  never,  under  any  conditions,  be  boiled. 
From  this  they  are  washed  alternately  in  the  iodine 
solution  and  alcohol,  occjisionally  renewing  the  stained 
with  clean  alcohol,  until  all  color  has  been  extracted 
iroro  them.  They  are  then  hronglit  for  one  minute  into 
a  dilute  watery  solution  of  eosin  or  safraniu,  or  Bis- 
marck-hrown,  again  washed  for  a  Ckw  seconds  in 
alcohol,  and  finally  for  one-fourth  minute  in  absolute 
alcohol.  From  this  they  are  transferred  to  xylol  for  a 
half-minute.  The  remaining  steps  in  the  process  are 
the  same  as  those  given  in  the  general  method.      In 
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Hotne  c^aHCB  Ixjtter  results  are  obtained  by  reversing  the 
Htcjps  ill  the  proeoiis  and  staining  the  bacteria  last,  for 
th<»n  th<j  re|)(»at(!d  <lec()lorizing  action  of  the  alcohol  on 
th(;  bacU'ria  is  diminished  ;  thus,  place  the  sections  from 
al(U)hol  into  eosin,  safranin,  or  Bismarck-brown  for  a  few 
rniiiutcH,  then  wash  out  in  50  per  cent,  alcohol,  then  for 
from  thr<»e  to  five  minutes  in  the  dilute  aniline-water 
gcMitiau-violet  solution,  then  into  the  itxline  bath;  after 
three*  minute's  wash  out  in  alcohol,  and,  finally,  for  one- 
fourth  minut<^  in  absolute  alcohol,  and  then  into  the 
xylol,  from  which  they  may  be  mounted.  Some  of  the 
or^uiisms  whic'h  may  be  stiiiued  by  this  method  are 
m'n'i'ociH'vuH  fctrcu/nmsj  haciiina  (fipltflicricf,  haciUiiH  an" 
thrac'iH^  and  HfftphyfocorruH  pyofjcncs  anrrn.s.  It  cxinnot 
b<»  sucMressrully  employed  with  the  bacillus  of  typhoid 
fciver,  nor  with  tissues  coutaininti^  mirronH'cns  f/onorrluvce, 

Hfffinifff/  mUh  (hihlia  (iiid  (fccoforiziiif/  with  fiodiuni  car- 
honafr  Holufion,  Anotlier  method  that  is  not  very  com- 
inouly  employed,  tIiou<j:h  tlie  results  oi)tained  by  its  use 
are  in  many  eases  very  siitisfaetory,  is  to  stain  th(»  tis- 
sues  in  a  strong  watery  solution  of  dahlia  (about  cme- 
fourtli  saturated)  for  from  ten  to  fifteen  minutes  ;  from 
this  they  are  tnmsferred  to  a  2  |kt  cent,  si^lution  of 
sodium  or  |)otassium  carbonate,  and  from  this  into  alco- 
hol, alternatiujj:  from  the  one  to  the  other  until  the 
sec^tious  jir(»  almost  colorless.  Aft^^r  the  alcohol  thev 
an*  rinsed  in  water  and  then  put  into  a  dilute  watery 
solution  of  eitlier  eosin,  Bismarck-brown,  or  safranin  for 
on<»  mimit(\  then  washed  out  in  aleoliol,  finally  in  abso- 
lute  alcohol,  and  then  in  xylol,  from  which  they  may  be 
mounted  in  the  manner  given. 

Ksp(M'ially  brilliant  results  are  obtained  when  tissues 
containing  anthrax  bacilli  are  stiiincd  by  this  process; 
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the  bacilli  will  be  of  a  deep-blue  color,  white  tho  sur- 
rounding tissues  will  be  of  the  color  uacd  as  contra-st. 

Kuhn^K  carbolic  vmthyleae-blue  tnethnd.  Stain  the 
Bectiong  in  the  following  solution  for  from  one-half  to 
one  hour : 


Rub  tip  thoroughly  in  a  mortar,  and  when  the  blue 
is  complett^ly  dissolved  add  gradually  100  e.c.  of  a  5 
per  cent,  solution  of  carbolic  acid.  (This  solution  de- 
composes after  a  short  time;  it  should  be  made  fresh 
when  needed.)  Fmm  this  the  sections  are  wiished  in 
water,  then  in  1.5  to  2  per  cent,  hydrochloric  acid  in 
watflr,  after  which  tlioy  arc  triineferred  Ui  a  solution  of 
lithium  carlwnate  of  the  stn'ngth  of  six  to  eight  drops 
of  a  concentrated  watery  solution  of  the  salt  to  ten  drops 
of  water,  and  from  this  they  are  agaiu  thoroughly 
washed  in  water,  then  in  absolute  alcohol  containing 
enough  mothylcne-hlue  in  substance  to  give  it  a  toler- 
ably dense  color,  then  for  a  few  minutes  in  anilint^  oil 
to  which  a  little  mcthylene-blue  in  substance  has  lieen 
added,  then  completely  rinsed  oiit  in  pure  aniline  nil ; 
from  this  they  are  passed  into  thymol  i>r  oil  of  tuqien- 
tine  for  two  minutes,  and  then  into  xylol,  fnnu  which 
they  are  mounted  in  xylol-balsam.  The  advantages 
of  tJiis  method  are  that  it  is  generally  applicable,  and 
by  its  use  the  bacteria  are  not  robbed  of  tlieir  color, 
whereas  the  tissues  are  sufficiently  decolorized  to  render 
the  bacteria  visible  and  admit  of  the  use  of  contrasts 
stains, 

WeM/PT^s  modijk'dtion  of  Gram's  method  for  Keciinm. 
Btain  the  sections  in  tlie  Koeh-Elirlich  aniline-water 
gentian- violet  solution  for  five  or  six  minutes;  wash 


184  BACTERIOLOGY. 

in  water  or  physiological  stilt-solution  (0.6  to  0.7  per 
cent,  solution  of  sodium  chloride  in  distilled  water); 
transfer  them  with  the  section-lifter  to  the  slide;  take 
up  the  excess  of  fluid  by  gently  pressing  upon  the  flat 
section  with  blotting-jMiper ;  treat  the  section  with  the 
iodine  solution  used  by  Gram ;  take  up  the  excess  of 
the  solution  with  blotting-paper ;  cover  the  section  with 
aniline  oil — this  not  only  differentiates  the  comjwnent 
parts  of  the  se(»tion,  but  dehydrates  an  well ;  wash  out 
the  aniline  oil  with  xylol,  and  mount  in  the  usual  way 
in  xvlol-balsiim.  Or,  deeolorization  with  iodine  may 
be  omitted,  and  the  sections,  after  staining  in  the  ani- 
line-water gentian- violet  for  tive  or  six  minutes — or 
longer,  if  necessary — are  trau>ferred  to  the  sli<le  without 
being  washed  in  water  or  sii It-solution  (or,  if  so,  only 
very  sliglitly  and  rapidly),  dri<'d  as  eouipletely  as  j)ossi- 
ble  with  filter-pa])er,  and  tlu'U  decolori/ed  witli  a  mixt- 
un'  of  aniline  oil  ((me  j)art)  and  xylol  (two  parts). 
This  is  th(^  delicate  ])art  of  the  ])roeess,  and  can  be 
watelu'd  under  a  low  power  of  the  mieroseoj>e.  When 
deeolorization  is  sufficient  (rejx^ated  applications  of  the 
aniline  oil  and  xylol  mixture  are  geiKTally  necessary) 
pure  xylol  r<'places  the  mixtuns  and  the  s|)<'cimen  is 
finallv  mounted  in  x viol-balsam.  Unless  all  the  ani- 
line  oil  is  rejUaced  by  the  xylol  the  sjx^cimen  will  not 
keep  well.  In  this  proc(»ss  the  aniline  oil  is  really  the 
decolorizer,  and  has  the  valuable  i)roi>erty  of  absorbing 
a  certain  amount  of  water,  so  that  dehydration  with 
alcohol  is  avoided.  This  method,  while  it  stains  ceiiain 
bacteria  in  tissues  \or\  siitisfactorily,  is  nevertli(»less  de- 
signed especially  for  the  staining  of  fibrin.  Fibrin  and 
hyaline  material  will  be  stained  deep  blue ;  bacteria  a 
durk  violet. 
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Staining  Tubercle  Bacilli  in  Tissues. — As  in 
the  case  of  cover-slips,  only  those  methods  most  com- 
monly employed  will  be  given. 

ITie  method  of  Ehrlich,  Stain  the  sections  in  aniline- 
water  fuchsin  or  gentian-violet  for  twenty-four  hours ; 
decolorize  in  20  per  cent,  nitric  acid  for  a  few  seconds 
only — the  color  need  not  be  entirely  extracted  ;  then  in 
70  per  cent,  alcohol  until  no  more  color  can  be  extracted 
by  the  alcohol ;  stain  as  contra.st-color  in  dilute  watery 
methylene-blue,  malachite-green,  or  Bismarck-brown 
solution  ;  wash  out  in  90  ]x»r  cent,  alcohol,  then  in  abso- 
lute alcohol  for  a  few  seconds ;  clear  up  in  xylol  and 
mount  in  x viol-balsam. 

Method  of  Zield'Neehen,  Stain  the  sections  in  warmed 
carbol-fuchsin  solution  for  one  liour ;  temperature  to  be 
about  45°  to  50*^  C.  Decolorize  for  a  few  seconds  in  5 
per  cent,  sulphuric  acid,  then  in  70  per  cent,  alcohol, 
and  fn)m  this  on  as  by  the  Ehrlich  methfMl. 

Dnj  method.  For  tubercle  bacilli,  as  for  many  other 
organisms  in  tissues,  the  following  method  may  be 
employed  if  only  tlie  ]>resenco  of  organisms  is  to  be 
detected  and  the  histological  condition  of  the  tissues  is 
a  matter  of  no  consccnience  :  bring  tlic  sections  from 
water  upon  a  slide  or  cover-slip,  dry,  fix,  and  stain  by 
the  methods  for  cover-slip  ])repanitions. 

Graifn  iiwthod.  Tlie  method  euiployed  by  Gray  at 
the  Army  Medical  ^^^seum,  Washington,  D.  C.,  a  de- 
scription of  whicli  is  given  by  Borden,  is  as  foHows : 
the  tissue  to  b(»  stained  should  be  hardened  i>refenibly 
in  alcohol,  in  pieces  not  excciMlinir  1.5  bv  1.5  bv  1  cm. 
in  size,  thonirh  tissues  hardene<l  l)v  anv  other  of  the 
regular  methods  can  be  stained.  Ale(>hol  is  to  l)e 
preferred,   however,  as   after    its    use   the   bacilli   stain 
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more  quickly  and  brilliantly  than  when  one  of  the 
other  hardening  fluids — Muller's,  for  instance — is  em- 
ployed. 

After  the  tissue  has  been  hardened  it  is  imbedded  in 
paraffin  and  cut  in  the  usual  manner.  The  sections 
are  then  cemented  to  the  slides  with  a  filtered  |^  per  cent, 
solution  of  gold-label  gelatin,  to  which  is  added  chloral 
hydrate  in  the  proportion  of  1  per  cent.,  as  a  preservative. 
Several  drops  of  this  are  placed  on  each  slide,  a  section 
laid  on  top,  and  the  slides  placed  in  a  warming-oven 
kept  at  a  temperature  slightly  beloic  the  melting-point 
of  the  paraffin.  In  about  five  minutes  all  wrinkles  will 
have  been  taken  out  of  the  sections,  which  will  lie  per- 
fectly flat  and  smooth  on  the  surfa(*e  of  the  gelatin  solu- 
tion. The  slides  are  then  removed  from  the  oven  and 
the  surplus  fluid  poured  from  them,  tiuis  bringing  the 
sections  in  contact  with  their  surface,  after  wliich  they 
are  set  aside  in  a  place  protected  from  dust,  to  remain 
until  the  sections  are  firmly  cemented  to  tliem  bv  the 
drying  of  the  gelatin  solution.  Tlie  drying  may  be 
hastened  by  keeping  the  slides  in  an  oven  below  tlie 
melting-])oint  of  the  paraflin  ;  but  it  is  best  to  set  the 
slides  aside  until  the  next  day,  when  the  sections  will 
be  found  to  be  perfectly  cemented  to  them.  The  par- 
affin is  then  removed  from  the  sections  by  tur])entine, 
the  turix^ntine  by  absolute  alcohol,  the  absolut<'  alcohol 
by  50  per  cent,  alcohol,  and  this  by  water,  aft(  r  which 
the  slides  are  placed  for  five  minutes  in  a  o  p(»r  cent, 
aqueous  solution  of  jK)tassium  bichromate.  This  ren- 
ders the  gelatin  insoluble  and  prevents  the  sections 
leaving  the  slides  during  their  necessarily  more  or  less 
prolonged  immersion  in  the  fuchsin  stain.  Tli(»  potas- 
sium bichromate  is  washed  out  with  water,  and  the  slides 
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are  tlicn  placet!  in  a  fucliBin  stain,  which  is  prepared  as 
follows : 

Fuchflin --..,--..,...  1,5  grammes. 

Absolute  sIcoLol 14    c.c. 

Cbrbolic  acid  crystals  (pure) G   grammes. 

Water 100    c.c. 

Dissolve  the  fuchsin  in  thfi  alcohol  and  the  carbolic 
acid  in  the  water.  Mix  the  two  solutions  and  let  Rtand 
for  twelve  ho  urn,  with  occatiional  shaking  or  stirring; 
then  filter. 

The  length  of  time  that  the  slide  remains  in  this  solu- 
tion varies  witli  circuiii stances.  Tuliercle  bacilli  stain 
very  quickly ;  in  tissues  pniiierly  harilen<^<l  in  alcohol 
five  minntes  an;  generally  sufficient  to  stain  them  deeply. 

Prolonged  immersion  in  the  fnchsin  dues  no  harm 
and  insures  certainty  of  results.  Af^er  a  section  has 
been  in  the  stain  a  snflicieiit  length  of  time  it,  with  the 
slide  to  which  it  is  eeniented,  is  washed  in  water  until 
the  surplus  stain  is  removed  ;  it  is  then  suIij<H'ted  to  the 
action  of  a  combined  decolorizcr  and  contrjst-stain  made 
as  follows : 

Hethyl-bliic a.ii")  Krammeo 

Abeoliite  alciihol 30      c.i-. 

Sulphuric  acid 1^ 

Water  (distilled)         100       " 

Dissolve  the  methyl-blue  in  the  alctihol,  add  the  acid 
to  the  wat<T,  mix  the  two  solutions,  and  let  stand,  with 
occasional  shaking,  for  twelve  hours;  then  filter. 

This  solution  is  allowed  to  act  upon  the  tis.sue  for  a 
few  aeconds,  and  as  soon  as  the  blue  color  predoniinatos 
over  the  re<I,  as  seen  by  transmitted  light,  the  section  is 
immediately  washed  in  water.     Generally  the  red  color 
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reappears,  and  the  section  must  be  again  subjected  to 
the  action  of  the  blue  solution  and  again  washed  in 
water.  This  must  be  repeated  until  the  blue  almost, 
if  not  quite  completely  and  permanently,  replaces  the 
red  .stain.  This  is  the  most  important  jmrt  of  the  proc- 
ess, and  entirely  siitisfiurtory  results  arc  only  obtained 
after  some  pra(?ti(*e.  The  tc^ndoncy  is  usually  not  to 
replace  sufficiently  the  fuchsin  with  the  methyl-blue, 
and  in  conseciuence  the  red  color  of  the  bacilli  is  masked 
by  the  red  of  the  surrounding^  tissues.  Unless  all  acid 
is  thoroughly  removed  by  the  final  washing  in  water 
the  stain  is  not  permanent.  Tiie  section  is  then  com- 
pletely dehydnited  with  absolute  alcoliol,  after  taking 
u])  the  excess  of  water  on  the  slide  with  l)lotting-j)aper. 
The  alcohol  is  followed  by  tuqxMitine,  and  the  process 
is  com])leted  by  mounting  in  xylol-balsam. 

In  case  it  is  desired  to  stain  sections  cut  bv  the  freez- 
ing  method,  they  are  ]>laced  upon  a  slide  on  which  a 
few  drops  of  the  gelatin  fixative  have  been  j)laeed,  and 
after  about  iive  minutes,  during  which  the  fixative  will 
have  ])enetrated  the  section,  the  sur|)l!is  is  ])our(.Ml  from 
beneath  the  section.  The  slides  are  then  set  aside  for 
the  gelatin  to  harden  l)y  drying,  and  after  drying  they 
are  placed  in  bi(»hromate  fluid  to  render  the  gelatin 
insoluble.  They  are  then  manipulated  in  exactly  th(^ 
siune  manner  as  the  sections  cut  by  the  paraffin  method. 

This  method  gives  equally  asgocnl  results  with  tissues 
cxmtuining  the  lepra  bacillus  as  with  those  containing 
tubercle  bacilli. 
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After  isoluttng  im  organism  by  the  plate  method 
ooneidcrabtc  work  is  necessary  in  order  to  esbiblisli  its 
identity  an  a  definite)  npecies.  It  must  possess  certain 
morphological  and  cultural  ijeciiliaritiee,  which  must  be 
constant  under  constant  con<]itions.  It«  form  at  dif- 
ferent stages  must  always  be  the  same.  Its  ability  or 
inability  to  produce  spores  must  not  vary  under  proper 
conditions.  Its  growth  upon  dilferent  media  under 
constant  conditions  of  temperature  and  reaction  must 
always  present  the  same  outwanl  appearances.  The 
changes  brought  about  by  it  in  the  reaction  of  the 
media  in  which  it  is  growing  must  follow  a  fi^feil  rule. 
Its  power  to  pnxluce  liijuefactiou  of  the  gelatin,  or  to 
grow  upon  it  without  bringing  about  tliis  cliange,  mnst 
always  be  the  same.  Its  motility  or  non-inotility, 
and,  if  motile,  the  approximate  number  and  position  of 
its  organs  of  locomotion,  nuist  be  determined.  Its  pro- 
duction of  certain  chemical  prixlucts  must  be  established 
by  chemical  analysis.  Itj*  behavior  toward  oxygen — 
i,  e.,  Does  it  require  this  gas  for  its  growth  ?  Is  this  gas 
an  indifferent  factor'?  or,  By  its  presence  are  the  life- 
processes  of  the  organism  checked  ? — mu.st  be  decided. 
Ita  behavior  under  varj-ing  conditions  of  temperature 
and  onder  the  influence  of  different  chemical  bodies,  as 
well  as  its  growth  in  media  of  different  reactions,  is 
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to  be  studictl.  The  projM;rty  of  producing  fcrmtnlation 
with  the  iibf  ration  of  gases,  and  the  character  and  quan- 
titative relatioOH  of  these  gases,  must  be  ascertained.  If 
it  produces  pigment,  what  are  the  eonditluus  favorublc 
and  unfavonLl)]e  t^i  this  function.  And,  lu.itly,  we  must 
consider  ite  behavior  when  introduced  into  the  bodies 
tiials  iiaeil  for  exi>erimental  work — i.  e.,  Is  it  a 
disease-producing  organism,  or  does  it  belong  to  the 
group  of  innocent  sapn)phj*tes  ? 

We  have  learned  the  nietho<l9  of  obtaining  colonies, 
and  have  amiuaintod  ourselves  with  some  of  the  pecu- 
liarities bj*  wliieh  they  arc  distinguished  from  one 
another.  The  next  im]x>rtant  steps  are  to  determine  the 
morphohigA'  of  the  individuals  composing  these  colonies, 
as  well  as  their  n-lation  to  each  other  in  the  colony. 
These  points  are  decided  by  microscopic  examination  of 
bits  of  the  colony,  which  are  transferred  to  thin  glass 
eover-slips,  upon  which  they  are  dried,  stained,  and 
mounted.  Cover-sliiw  for  tins  puri>osc  are  prepared  in 
two  ways ;  cither  by  taking  up  a  bit  of  the  colony  on  a 
platinum  needle,  smearing  it  ui»«tn  a  cover-sIi]>,  staining 
it,  and  examining  it — by  which  only  the  morphoh^y  of 
the  individual  Imctcria  can  Itc  made  out — or  hy  the 
method  of  "  impression  cover-slip  preparations,"  by 
which  not  only  the  morphology,  but  also  the  relation  of 
the  organisms  in  the  wlony  to  one  another  can  Ik-  d<'t«r- 
niined.  The  details  of  these  methonls  will  be  found  in 
the  chapter  on  the  Metliods  of  Staining. 

MlCItOSnil'IC    EXAMISATIOS    OF    PREPARATIONS. 

The  Piffbrent  Parts  of  the  Microstope. — 
Before  describing  the  method  of  examining  prepara- 
tions microscopically]  a  few  definitiono   of  the   tenns 
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usttl  in  referring  to  the  niicroscopi'  may  not  be  out  of 
platx'.  (Tlif  (liSt'i-fiit  parts  of  tlip  microscope  referred 
to  bolow  are  iiidit-atecl  by  letters  in  Fig.  37.) 


omlar  or  ri/r-pin'<-  (a)  is  tlic  lens  at  whiiih   tlie 
eye  |^  placed  whuu  loukiiij;  tlirough  tbe  iustrumeut.     It 
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serves  to  magnify  the  image  projected  thruugii  tlie  ob- 
jective. 

The  ohjertice  (b)  is  the  lens  which  is  at  tlie  distal 
end  of  tlie  barrel  tif  the  instrument,  and  wliieh  serves 
to  magnify  the  obJL-et  to  be  esamined. 

The  etoffe  (c)  is  the  shelf  or  platform  of  the  miero- 
seope  on  which  the  olyect  to  be  examined  rests. 

The  diaphraffBis  are  the  perforated  stops  that  fit  in 
tlie  centre  of  the  stage.  Thev  varv  in  size,  so  tliat  dif- 
ferent amounts  of  light  may  be  athuitted  to  the  object 
by  usiug  diaphragms  with  larger  or  smaller  openings. 

The  "  iria  "  (liajjhrnffin  (o)  opens  and  closes  like  the 
iris  of  the  eye.  It  is  so  arrunged  that  its  caning  for 
admission  of  light  can  lje  increased  or  diminished  by 
moving  a  small  lever  !n  one  or  another  direction. 

The  rtfitfior  (e)  is  the  mirror  placed  beneath  the 
stage,  which  serves  to  illuminate  the  object  to  be  exam- 
ined. 

The  coarge  adJuametU  (f)  is  the  rack-aml-pinion  ar- 
rangement by  which  the  bami  of  the  microecope  can 
be  quickly  raised  or  loM'ered. 

The  fine  aiijuMmeni  (o)  serves  to  raise  and  lower  the 
barrel  of  the  instrument  very  slowly  and  graiiually. 

For  the  microscopic  study  of  bacteria  it  is  essential 
that  the  microscope  l>e  provided  with  an  oil-inimerwion 
system  and  a  sub-stage  condensing  ap|MratiKt. 

The  oil-mmrrMmi  or  hnrnot/mfowt  syttem  consists  of 
an  objective  s<j  coii?tnu:t4i!  that  it  can  only  lie  used  when 
tin-  transjMirent  meilia  thmogh  which  tlie  liyht  passes  in 
patvnug  It  UPB  ■)!  of  tile  same  index  of  refraction — i,  t., 
sacconiplnbeil  by  interposing 
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light  in  the  name  way  as  do  tlm  glass  slide,  the  covtT- 
slip,  and  tlie  glass  of  which  the  objective  is  mode.  For 
this  purpose  a  drop  of  oil  of  the  eaiuc  index  of  refrac- 
tion as  tlie  glass  is  plueed  upon  the  fkce  of  tlie  lens, 
and  the  examinations  are  made  through  this  nil.  There 
is  thus  no  loss  of  light  from  deflection,  as  is  the  case  in 
the  dry  system. 

The  mihstage  cmidenslvg  apjxirahut  (h)  is  a  system 
of  lenses  situated  beneath  the  ecntral  opening  of  the 
stage.  They  serve  to  condense  the  liglit  passing  from 
the  reflector  to  the  object  in  such  a  way  that  it  is 
focussed  upon  the  object,  thus  furnishing  the  greatest 
amount  of  iUumination.  Between  the  condenser  and 
reflector  is  platted  tlie  "iris"  diaphragm,  the  aperture 
of  which  can  be  regulated,  as  circumstances  require,  to 
permit  of  either  a  very  small  or  a  very  lai^e  amount  of 
light  passing  to  the  object. 

The  nose-piece  (i)  consists  of  a  collar,  or  group  of 
collars  joined  togetlier  (two  or  more),  that  is  attached  to 
the  distal  end  of  the  tube  of  the  microscope.  It  enables 
one  to  attach  several  objectives  to  the  instrument  in 
such  a  way  that  by  simply  rotating  the  nose-piece  the 
various  lenses  of  different  power  may  be  conveniently 
Qsed  in  sut^x^ssion. 

MiCH()s(^)pic  Examination  of  Covrb-blips. — The 
stained  cover-slip  is  to  bo  examined  with  the  oil-immer- 
sion objective,  and  with  the  diaphragm  of  the  sub-stage 
condensing  apparatus  open  to  its  full  extent.  The  object 
gained  by  allowing  the  light  to  enter  in  such  a  large  vol- 
ume is  that  tlie  contrast  produced  by  the  colored  Iraeteria 
in  the  brightly  illuminated  field  is  much  more  conspicu- 
ous than  when  a  smaller  amount  of  light  is  thrown  upon 
them.     This  is  true  not  only   for  stained  bacteria  on 
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cove I'-s lips,  but  likowisc  for  their  c]itf'en.-iitiutioD  frum  . 
aurroLinding  objcjcts  when  tliey  are  locatod  m  tissues.* 
Willi  umUiined  bact<?ria  and  tissucH,  on  Uie  contrary,  t^l 
Htnii'tiirf  can  best  be  made  ont  by  reducing  tJie  bimdleT 
of  light^rayg  tu  the  sniallest  amount  compatible  with  ' 
distinct  vision,  and  in  this  way  favoring,  tuA  color'<!on~ 
triistj  but  contrasts  which  appear  as  lighU  and  ahadoum, 
due  to  tho  differences  in  permeability  to  light  of  the  J 
various  parts  of  tho  material  under  examination. 

Stkph  in  Examining  Stained  Preparations  | 
WITH  THE  OiL-LMMEHsioN  Sv8TEM. — Place  upOD  the 
centre  of  the  cover-slip  whieli  covers  the  preparation  a 
small  drop  of  immersion  oil,  Pliice  the  slide  upon  the 
centre  of  the  stage  of  the  micn>scope.  With  the  coaree 
adjustment  lower  the  oil-immorsion  objective  until  it 
ju8t  touphfs  the  drop  of  oil.  Open  the  illuminating 
apparatus  Uj  its  full  extent.  Then,  with  the  eye  to  the 
ocular  and  the  hand  on  the  fine  adjustment,  turn  the 
adjnsting-screw  tjiwanl  t!ie  right  until  the  field  becomes 
somewhat  wdorwl  in  appearance.  When  this  is  seen 
proceal  more  slowly  in  the  same  direetion,  and,  aft*r 
one  or  two  turns,  the  object  will  be  in  focus.  Do  not 
remove  the  eyt  from  (lie  inefj-umeni  until  this  haa  been 
accompfinhed. 

Then,  with  one  hand  upon  the  fine  adjustment  and 
the  thumb  and  index  finger  of  tho  other  hand  hold- 
ing the  slide  lightly  by  lU  end,  it  may  be  moved  alwiut 
under  the  objective.  At  the  same  time  the  screw 
of  the  fine  adjnstnicnt  must  be  turned  back  and  forth, 
so  that  the  different  planes  of  the  preparation  may  lie 
brought  hito  fncus  .me  after  the  other.  In  this  way  the 
whole  section  or  prepanition  may  be  insiiected.  When 
the  examination  is  finished  raise  the  objective  from  the 
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jircparation  by  turning  the  screw  of  the  coaree  adjust- 
ment toward  you.  Remove  the  prc|)aratiou  from  the 
stage,  an<l,  with  a  fine  silk  clotli  or  handkerchief,  v>ipe 
vcrff  g<titly  tuui  careJuUy  tlie  oil  fnim  the  face  of  the  lena. 
The  lens  is  then  imscrewed  from  tlie  microsco]>e  and 
placed  in  the  case  intended  for  its  reception. 

Daring  work,  of  course,  the  lens  need  not  be  cleaned 
and  put  away  after  each  examination ;  but  when  the 
work  for  the  day  is  over  an  immersion  lenM  must 
always  be  protected  in  this  way.  Under  no  circiim- 
gtances  should  it  be  allowed  to  remain  in  the  inimeraion 
oil  or  exposed  to  dust  for  any  length  of  time. 

Examination  of  Unstained  Phei-akations. — 
"  Hang'mg  drops."  It  frequently  boooraes  necessary  to 
ejiamine  bacteria  in  the  unstained  condition.  The  cir- 
cumstances ealting  for  this  arise  while  studying  the 
multiplication  of  cells,  the  germination  of  s|)ores,  the 
formation  of  spores,  and  the  absence  or  presence  of 
motility. 

In  this  method  the  oi^nisms  to  he  studied  are  sus- 
pended in  a  drop  of  physiological  salt-solution  or  bou- 
illon in  the  centre  of  a  cover-slip.  This  is  then  placed, 
drop  down,  upon  a  slide  in  the  centre  of  which  a  hollow 
or  depression  is  ground  (Fig.  38).     The  slip  is  held  in 
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position  by  a  thin  layer  of  vaselin,  which  may  l»e 
painted  around  the  mnrgins  of  the  depression.  This 
not  only  prevents  tlm  slip  changing  its  position  during 
examination,  but  also  prevents  drying  by  evaporation 
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if  the  preparation  is  to  be  observed  for  any  length 
of  time.  This  is  known  as  the  "hanging-drop" 
method  of  examination  or  cultivation.  It  is  indispen- 
sable for  the  purposes  mentioned,  and  at  the  same  time 
requires  considerable  care  in  its  manipulation.  The 
fluid  is  so  transparent  that  the  cover-slip  is  often  broken 
by  the  objective  being  brought  down  upon  the  prepara- 
tion before  one  is  aware  that  the  focal  distance  has  been 
reached.  This  may  be  avoided  by  grasping  the  slide 
with  the  left;  hand  and  moving  it  back  and  forth  under 
the  objective  as  it  is  moved  towartl  the  object.  As  soon 
as  the  least  pressure  is  felt  upon  the  slide  the  objective 
must  be  raised,  otherwise  the  cover-slip  will  be  broken 
and  the  lens  may  be  rendered  worthless. 

A  safer  plan  is  to  bring  the  edge  of  the  drop  into  the 
centre  of  the  field  with  one  of  the  higher  power  dry 
lenses.  When  this  is  accomplished  substitute  tlie  im- 
mersion for  the  dry  system,  when  the  edge  of  the  drop 
is  readily  detected  with  the  higher  power  hns  some- 
where near  the  centre  of  the  field. 

In  examining  bacteria  by  this  method  there  is  a  ])os- 
aibility  of  error  that  must  l)e  guarded  against.  All 
microscopic  insoluble  particles  in  suspension  in  fluids 
possess  a  peculiar  tremor  or  vibratory  motion,  the  so- 
called  "Brownian  motion."  This  is  very  apt  to  give 
the  impression  that  the  organisms  under  exaniiiiation 
are  motile,  when  in  truth  they  are  not  so,  their  move- 
ment in  the  fluid  being  only  this  molecular  tremor. 

The  difference  between  the  motion  of  bodies  under- 
going this  molecular  tremor  and  that  ])ossessed  by  eer- 
tiiin  living  bacteria  is  that  the  former  particles  never 
move  from  their  place  in  the  fiehl,  while  living  bac- 
teria alter  their  position  in  relation  to  the  surround- 
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ing  orgauisms,  and  may  dart  from  one  position  in  the 
field  to  another.  In  some  cases  the  true  movement  of 
bacteria  is  very  slow  and  undulating,  while  in  others  it 
is  rapid  and  darting.  The  molecular  tremor  may  be 
seen  with  non-motile  and  with  dead  organisms. 

Note. — Prepare  three  hanging-drop  preparations — 
one  from  a  drop  of  dilute  India-iuk,  a  second  from  a 
culture  of  micrococci,  and  a  third  from  a  culture  of  the 
bacillus  of  typhoid  fever.    In  what  way  do  they  differ? 

Study  of  Spore-formatiox. — The  hanging-drop 
method  just  mentioned  is  not  only  employed  for  detect- 
ing the  motility  of  an  organism,  but  also  for  the  study 
of  its  mode  of  spore-formation. 

Since  with  aerobic  organisms  s|x>re-formation  occurs, 
as  a  rule,  only  in  the  presc'uce  of  oxygen,  and  is  induced 
more  by  limitation  of  thi?  nutrition  of  the  organisms 
than  bv  any  other  factor,  it  is  ess(»ntial  that  these  two 
points  should  be  borne  in  mind  in  preparing  the  drop- 
cultures  in  which  the  pnKH'ss  is  to  be  studied.  For  this 
reason  the  drop  of  bouillon  should  be  small  and  the 
air-chamber  n^latively  large. 

The  cover-slip  and  hollow-ground  slide  should  be 
carefully  sterilized,  and  with  a  sterilized  plat i mini  loop 
a  very  small  <h'<)})  of  bouillon  is  placed  in  the  centre 
of  the  cover-slip.  The  slip  is  then  inverted  over 
the  hollow  depression  in  the  sterilized  object-glass  and 
sealed  with  vasclin.  Th(»  most  e<)nv(Mii<'nt  method  of 
|>erforming  this  last  step  in  the  jmx'ess  is  to  paint  a 
ring  of  vaselin  around  the  edjrcs  of  the  hollow  in  the 
slide,  an<l  th(»n,  without  takin*^  the  cover-slip  from  the 
tiible  upon  which  it  rests,  invert  the  hollow  over  the 
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drop  and  press  it  gently  down  upon  the  cover-slip.  The 
vaselin  causes  the  slip  to  adhere  to  the  slide,  so  that  it 
can  be  eavsily  taken  up.  The  drop  now  hangs  in  the 
centre  of  the  small  air-tight  chamber  which  exists  be- 
tween the  depression  in  the  slide  and  the  cover-slip. 
(See  Fig.  38.) 

A  very  thin  drop  of  sterilized  agar-agar  may  be  sub- 
stituted for  the  bouillon.  It  serves  to  retain  the  organ- 
isms in  a  fixed  position,  and  the  prot^ess  may  be  more 
easily  followed. 

As  soon  as  finished  the  preparation  is  to  be  examined 
microscopic4illy  and  the  condition  of  the  organisms 
noted.  It  is  then  to  be  retained  in  a  warm  chamber 
especially  dcvise<l  for  the  purpose,  and  kept  under  con- 
tinuous observation.  The  form  of  chamber  best  adapted 
to  the  purpose  is  one  which  envelops  the  whole  micro- 
scope. It  is  provided  with  a  window  through  which 
the  light  enters,  and  an  arrangement  by  which  the  slide 
may  be  moved  fn)m  the  outside.  The  formation  of 
spores  requires  a  much  longer  time  than  the  germina- 
tion of  sj)ores  into  bacilli,  but  with  patience  both  proc- 
esses may  be  siitisfactorily  ol)served. 

It  will  be  noticed  that  the  description  of  this  process 
is  very  much  like  that  which  immediately  precedes,  but 
differs  from  it  in  one  respect,  viz.,  that  in  this  manipu- 
lation we  are  not  making  a  prepanition  which  is  simply 
to  be  examined  and  then  thrown  aside,  but  it  is  an 
actual  pun'  culture,  and  must  be  kept  as  sucli,  otherwise 
the  observation  will  be  worthless.  For  this  reason  the 
greatest  care  must  be  observed  in  the  sterilization  of 
all  objects  employed.  Studies  upon  s]>ore-f()rmation  by 
this  method  frequ<'ntly  continue  over  hours,  ;ni<l  some- 
times days,  and  contamination  must,  therefore,  be  care- 


STUDY  OF  QELATIN  CULTURES.  199 

fullv  giiunled  against.  The  Btudy  nhouid  be  begun  with 
thf  vegiitative  form  of  the  organisms;  the  hanging-drop 
prcparatioti  shoidd,  for  tliis  reason,  alwajfi  be  made 
from  a  perfectly  fresh  culture  of  the  oipinigm  under 
considc-ration  before  time  lias  elapsed  for  spores  to  form. 

The  simple  detection  of  the  presence  or  ub^'nce  of 
spore-formation  can  in  many  cases  be  made  by  other 
methods.  For  example,  many  species  nf  bacteria  which 
possess  this  property  form  spores  most  readily  upon 
media  from  which  it  is  somewhat  difficult  for  them  to 
obtain  the  necessary  nonriuhment ;  potatoes  and  agar-agar 
that  have  become  a  little  dry  offer  very  favorable  con- 
ditions, because  of  tlie  limited  area  from  which  tho 
growing  bacteria  can  draw  their  nutritive  siippliee,  and 
because  of  the  free  access  which  they  have  to  oxygen, 
for,  their  growth  being  on  the  surface,  they  are  eur- 
roimded  by  this  gas  tmlcss  means  are  taken  to  prevent 
it.  By  the  hangiiig-<Irop  methtxl,  however,  more  than 
this  specific  property  may  be  determined.  It  is  possible 
not  only  to  det«ct  the  stipes  anil  steja  in  the  formation 
of  endogenous  spores,  but  when  the  spores  are  com- 
pletely formed  their  germination  into  mature  rods  may 
be  seen  by  transferring  them  to  a  fresh  bouillon-tlrop 
or.  drop  of  agar-agar  preserved  in  the  same  way.  The 
word  rods  is  used  because  we  have  as  yet  no  evidence 
that  endogenous  spore-formation  occurs  in  any  of  the 
other  morpliolq^ical  groups  of  bacteria. 

Stcdy  op  Gelatin  C'ui,TL"Rts. — As  has  been  pre- 
viously slated,  the  he}la^■ior  of  bacteria  toward  gelatin 
differs — Mime  of  them  producing  apparently  no  alti-ra- 
tion  iu  the  medium,  while  the  growth  of  others  ia 
accompanied  by  an  enzymotic  action  that  results  in 
liquefaction  of  the  gelatin  at  and  around  the  place  at 
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which  the  colonies  are  growing.  In  some  instances 
this  liquefaction  spreads  laterally  and  downward,  caus- 
ing a  saucer-shaped  excavation  ;  while  in  others  the 
colony  sinks  almost  vertically  into  the  gelatin  and  may 
be  seen  lying  at  the  bottom  of  a  funnel-shaped  depres- 
sion. These  differences  are  constantly  employed  as 
one  of  the  means  of  differentiating  otherwise  closely 
allied  members  of  the  same  family  of  bacteria.  (See 
Fig.  34.)  Studies  u{)on  the  spirillum  of  Asiatic 
cholera  and  a  number  of  closely  allied  si)ecies,  for 
example,  reveal  decided  differences  in  the  form  of 
liquefaction  produced  by  these  various  organisms. 
The  minutest  detail  in  this  respect  must  be  noted,  and 
its  frequency  or  constancy  under  varying  conditions 
determined. 

Cultures  on  Potato. — A  wqtw  important  feature 
in  the  study  of  an  organism  is  its  growth  on  sterilized 
potato.  Many  organisms  prc^scnt  appearances  under 
this  method  of  cultivation  which  alone  can  almost  be 
considered  characteristic.  In  some  cases  coarsely  lob- 
ulated,  elevated,  dry  or  moist  patches  of  development 
occur  after  a  few  hours ;  again,  the  growth  may  be  finely 
granular  and  but  slightly  elevated  above  the  surface  of 
the  potato ;  at  one  time  it  will  be  ([vy  and  dull  in  ap- 
pearance, again  it  may  be  moist  and  glistening.  Some- 
times bubbles,  due  to  the  fermentative  action  of  the 
growing  bacteria  on  the  carbohydrates  of  the  potiito, 
are  produced. 

A  most  striking  form  of  development  on  potato  is  that 
often  exhibited  by  the  bacillus  of  typhoid  fever  and  the 
bacillus  of  diphtheria.  After  inoculation  of  a  potato 
with  either  of  these  oriranisnis  there  is  usual Iv  no  naked- 
eye  evidence  of  growth,  though  microscopic  examina- 
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tion  of  scrapings  from  tliu  surface  of  the  jxitubi  reveals 
an  aotive  multiplication  of  the  ot^.inisms  whicli  liail 
been  planted  there.  The  potato  is  one  of  the  most 
important  tlifFereotial  media  that  we  possess  for  tbia 
work. 

Reactions  Proddcbd  by  Bacteria  DritiNG  Their 
GitowTH. — The  rcjictiong  produced  in  media  by  dif- 
erent  species  of  bacteria  ia  tlie  L-ourse  of  their 
growth  are  very  valuable  as  means  of  differentiation. 
In  some  cases  these  changes  arc  so  marked  that  tliey 
are  readily  detected  by  the  coarser  reagents ;  again,  they 
are  so  slight  as  t*)  require  the  employment  of  the  most 
delicate  indicators.  Bacteria  sometimes  produce  at  one 
periiHl  of  their  growth  an  alkaline,  at  anotlier  ])eriod 
an  acid  reaction.  This  is  observed  in  cultures  of  the 
baailm  diphtherm  of  LiifflcT,  when  tlie  media  contain 
traces  of  fermentable  carbohydrates. 

These  differences  are  best  seen  after  the  addition  to 
the  media  in  which  the  organisms  arc  to  grow  of  one  of 
the  chemical  substances  which  do  not  interfere  with  the 
development  of  the  ot^nisms,  but  of  which  the  color 
varies  with  the  reaction,  the  change  of  reaction  being  in- 
dicated by  the  play  of  color.  Such  substances  as  litmus, 
in  the  form  of  the  so-called  "  litmus  tincture,"  and  co- 
ralline (rosolic  acid)  in  alcoholic  solution,  are  commonly 
employed  for  this  puqtose.  They  may  be  added  to  the 
media  in  the  proportions  given  in  the  chapter  on  media, 
and  the  changes  in  their  colors  studieil  with  difTerent 
bacteria.  Milk  and  litmus  tincture  or  jieptone  solution 
to  which  rosolic  acid  has  been  added  are  excellent  media 
for  this  experiment. 

In  milk  coagula  now  and  then  appear  as  a  result  of 
the  influence  of  acids,  produced  from  milk-sugar  by 
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bacterial  action,  upon  the  casein  of  the  milk,  while 
at  times  acids  may  be  produced  and  yet  no  coagula- 
tion take  place. 

Aniline  Dyes  for  Differential  Diagnosis. — 
The  addition  to  solid  media  of  some  of  the  aniline 
dyes,  fuchsin,  methylene-blue,  mcthylene-green,  and 
several  others,  as  well  as  combinations  of  these  dyes, 
has  been  recommendcnl  as  a  means  of  differentiation 
of  bacteria.  The  changes  that  are  said  to  occur  as  a 
result  of  bacterial  growth  in  media  so  treated  consist 
of  alterations  in  the  color  of  the  media  due  to  the 
oxidizing  or  reducing  properties  of  the  growing  bac- 
teria. As  yet,  but  little  advantage  has  been  derived 
from  this  method  of  work.  It  cannot  at  present  be 
recommended  as  a  reliable  means  of  diagnosis. 

Behavior  toward  Stainino-reagents. — The  be- 
havior of  certain  bacteria  towanl  the  different  dyes 
and  their  reactions  under  s])ecial  methods  of  after- 
treatment  aid  materially  in  their  identification.  With 
very  few  exceptions  bacteria  stain  readily  with  the  com- 
mon aniline  dyes ;  but  they  differ  markedly  in  the  te- 
nacity with  which  they  retain  these  colors  under  the 
subsequent  treatment  with  decolorizing-agents. 

The  tubercle  bacillus  and  the  baeilhis  of  leprosy,  for 
example,  are  difficult  to  stain  ;  but  when  once  stiiined 
they  retain  their  color  under  the  action  of  such  energetic 
decolorizing-agents  as  alcohol,  nitric  acid,  oxalic  acid, 
etc.  Certain  other  organisms  when  stained  with  a  solu- 
tion of  gentian-violet  in  aniline-water  n^tain  their  color 
when  treated  with  such  decolorizing-bodies  as  iodine 
solution  and  alcohol  (Gram's  methcxl),  while  again 
others  are  com])letelv  decolorized  hv  this  method. 
Many  of  them  «m  only  be  washed  in  water,  or  but 
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for  11  few  seconds  in  alcohol,  without  losing  tlieir 
color.  It  is  esaeutinl  that  ull  these  pcculiariticB  should 
be  carefully  noted  in  studying  an  organism. 

Fermentation. — The  production  of  gas  as  an  indi- 
cation of  fermentation  'va  an  aucompanimcDt  of  the 
growth  of  certain  bacteria.  This  is  best  studietl  in 
nietlia  to  which  1  to  "2  per  cent,  of  grape-sugar  (glucose) 
haa  been  added.  In  this  experiment  the  test-tube 
ehoultl  he  filled  to  about  one-half  with  agar-agar.  The 
medium  is  then  liquefied,  and  when  at  the  pro|ier  tem- 
perature a  small  quantity  of  a  pure  culture  of  tiie  or^n- 
iam  under  consideration  should  l}e  carefully  distributed 
tlirongh  it.  The  tube  is  then  plactxl  in  ice-water  and 
rapitily  Bolidified  in  the  vertical  position.  When  solid 
it  is  placed  in  the  inculmlor.  Aft^r  twenty-four  to 
thirty-six  houra,  if  the  organism  p()88e88es  the  property 
of  causing  fermentation  of  glucose,  the  medium  will 
be  dotted  everywhere  with  very  small  cavities  contain- 
ing the  gas  that  has  resulted. 

This  property  of  fermentation  with  evolution  of  gas 
is  of  such  importance  as  a  diiferential  charact^tristic  that 
latterly  considerable  attention  has  beeu  given  t^i  it,  and 
those  who  have  been  most  intimately  concerned  in  the 
development  of  our  knowletlge  on  the  subject  do  not 
oonsidcr  it  sufficient  to  say  tliat  the  growth  of  an  oqpin- 
ism  "is  accomptmied  by  the  production  of  gas-bub- 
bles," but  that  under  given  conditions  we  should  deter- 
mine not  only  the  amount  of  gas  or  gases  produced 
by  the  organism  under  consideration,  but  also  their 
nature.      For   this    purpose    Smith '    recommends   the 

'  An  eicclleuC  and  cihaustive  contribution  to  this  subject  has  been 
nude  by  Tlieobald  Bmith  in  the  Wilder  Quarter-Centaiy  Book,  Ithaca, 
N.  Y.,  1893. 
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einployiiiciit  iif  tlie  reriiieiitatioii-tub<!.  This  is  a  tube 
bent  at  un  acute  ai>gle,  closi^d  at  oue  oud  :iti(l  enlnrgcd 
with  a  Itiilb  at  the  other.  At  the  l)cnd  the  tiiW  ia 
oonstrictwi.  To  it  a  glass  foot  is  attached  so  tliat 
the  tube  may  stand  upright.  (See  Fig.  39.)  To  fill 
the  tube  the  fluid  (it  ia  only  used  with  fluid  media) 
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in  poured  into  the  bulb  until  this  is  almnt  hulf  fuU. 
The  tube  ia  then  tilted  until  the  closed  arm  is  nearly 
linrisontal,  so  that  t)ie  air  may  flow  out  into  the  bulb 
and  the  fluid  flow  into  the  closed  arm  to  take  its 
place.  When  this  Ims  been  completely  filled  enough 
lluid  sli(»d(I  be  iulded  to  cover  the  lowest  expanding 
purl  iiiii  of  I  III-  bull),  and  the  n{>ening  of  tlie  bulb  plugged 
ivitli  .oil. in.  Tliv  lubes  thus  fiUcd  are  then  to  Iw  ster- 
iljxed.     Diiritig  sterilization  i^jj^jjgfi  to  be  m:iintained 
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tension  of  the  water-vapor  in  th('  closed  arm  forces  most 
of  tlic  fluid  into  the  buih.  As  the  tube  cools  the  fluid 
rcturoH  to  its  place  in  the  closed  arm  and  fills  it  again, 
with  the  exception  of  a  small  space  at  the  top,  which  is 
occupied  by  the  air  originally  dissolved  in  the  liquid 
and  which  has  been  driven  out  by  the  heat.  The  air- 
bubble  should  be  tilted  out  aft^r  i-ach  sterilization  ;  and 
finally,  after  the  third  exposure  to  steam,  this  ami  of- 
the  tube  will  be  free  from  air.  The  medium  employed 
ie  bouillon  contaiuing  some  fermcntahle  carbohydrate, 
aa  glucose,  lactose,  or  saccharose.  After  inoculation  the 
flasks  are  placed  in  the  incubator,  aud  the  amount  of 
gas  that  collects  in  the  closed  arm  is  noted  from  day  to 
day.  From  atudies  that  have  been  made  tins  gaa  ia 
found  to  consist  usually  of  about  one  part  by  volume  of 
carbonic  acid  and  two  parts  by  volume  of  an  explosive 
gas  consisting  largely  of  hydn^n.  For  determining  the 
nature  and  quantitative  relations  of  these  gases  Smith ' 
recommends  the  following  prot^edure :  "The  bulb  is 
completely  filled  with  a  2  per  cent,  solution  of  sodium 
hydroxide  (NaOH)  and  closed  tightly  with  the  thumb. 
The  fluid  is  shaken  thoroughly  with  the  gas  and  allowed 
to  flow  back  and  forth  fmm  bulb  to  closed  braneli  and 
the  reverse  several  times,  to  insure  intimate  contact  of 
the  COj  with  tlie  alkali.  I^astly,  before  removing  the 
thumb  all  the  gas  in  aUoirrii  to  roltei-f  in  the  closed  branch, 
so  that  none  may  escape  when  the  thumb  is  removed, 
rf  COj  be  present,  a  partial  vacuum  in  the  closed  branch 
causes  the  fluid  to  rise  suddenly  when  the  thumb  is  re- 
moved. After  allowing  the  layer  of  foam  to  subside 
somewhat  the  space  occupied  by  gas  is  again  measured, 
and  the  difiTerence  between  this  amount  and  that  meaa- 
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ured  before  shaking  with  the  sodium  hydroxide  solution 
gives  the  pro{K)rtion  of  CO2  absorbed.  The  explosive 
charaeter  of  the  residue  is  determined  as  follows :  the 
cotton  plug  is  replaced  and  the  gas  from  the  closed 
branch  is  allowed  to  flow  into  the  bulb  and  mix  with 
the  air  there  present.  The  plug  is  then  removed  and 
a  lighted  match  inserted  into  the  mouth  of  the  bulb. 
The  intensity  of  the  explosion  varies  with  the  amount 
of  air  present  in  the  bulb." 

Cultivation  without  Oxygen. — As  we  have 
already  learned,  there  is  a  group  of  bacteria  to  which 
the  name  "  anaerobic  organisms  "  has  been  given,  which 
arc  characterized  by  inability  to  grow  in  the  presence 
of  free  oxygen.  For  the  cultivation  of  the  members 
of  this  group  a  number  of  devices  are  employed  for 
the  ex(»lusion  of  free  oxygen  from  the  cultures. 

Koch^H  iiu'thod.  Koch  covered  the  surface  of  a  gel- 
atin phite,  whicli  had  been  previously  inoculated,  with 
a  thin  sheet  of  sterilized  isinglass.  The  organisms 
which  grew  beneath  it  were  supposed  to  develop  with- 
out oxygt»n. 

Hemt^H  method,  Hesse  {K)ured  sterilized  oil  upon  the 
surface  of  a  culture  made  by  stabbing  a  tube  of  gelatin. 
The  growth  that  occurred  along  the  track  of  the  needle 
was  supjxised  to  be  anaerobic  in  nature. 

Mcthodn  of  LiboriuH,  liiborius  has  suggested  two 
useful  nietluxls  for  this  pur|X)se.  One  is  to  nearly  (about 
three-(|uarters)  fill  a  test-tube  with  gelatin  or  agjir-agar, 
which,  after  having  been  st<Tilized,  is  to  be  kept  in  a 
vessel  of  boiling  water  for  ten  minutes  to  ex]>(4  all  air 
from  it.  It  is  then  rapidly  cooled  in  ice- water,  and 
when  betw(MMi  .*U)°  and  40°  C,  still  fluid,  is  to  be  inoc- 
ulated and  very  rapidly  solidified.     It  is  then  sealed  in 
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the  flamo.  ADacrobii-  liach'ria  develop  only  in  the  lower 
Iiiycrs  of  tli(!  medium.  In  his  other  method  he  employs 
a  spceial  tiil>e,  Imnwa  as  "  tlic  LlboriuB  tube."  Its  con- 
structioD  is  shown  iu  Fig.  40. 


Uboiliis  tube  for  an&Jrublc 


Through  the  side  tube  hydrogen  is  passed  until  it  re- 
places all  the  air ;  the  contracted  pBrta,  both  »( the  neck 
of  the  tube  and  the  side  arm,  arc  then  sealed  in  the 
flame.'  This  tube  can  be  used  fur  either  solid  or  liquid 
media,  but,  owing  to  its  usual  small  capacity,  gives 
better  results  with  fluid  media.      (For  precautions  in 

'  As  the  tiilvs  cnmu  rram  tlic  mukor  the  contracte^l  parts  maTked  i 
In  tbo  cut  ar(>  usually  wi  Ihfck  as  to  render  tlie  iKMtlinK  in  the  flnina 
dnrinR  tbc  pwago  nf  byiln^on  Bomewbnt  truubli^ome ;  it  u  betl«r 
'~  dnw  llieui  iiQt  In  th(>  Qnine  iinite  thin  before  puarfng  t!ie  Iiy drogen 

U>  tbe  tube.    This  lu^ikos  tho  fiiinl  scnling  n  matter  of  nn  ditBcalt;. 


J 
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using  hydrogen,  see  note  to  FrankePs  method^  P>^ 
210.) 

Method  of  Buchner.  The  plan  suggested  by  Buchner^ 
of  allowing  the  cultures  to  develop  in  an  atmosphere 
robbed  of  its  oxygen  by  pyrogalHc  acid,  gives  very  good 
results.  In  this  method  the  culture,  which  is  either  a 
slant-  or  stab-culture  in  a  test-tube,  is  placed — ^tube^ 
cotton  plug,  and  all — into  a  larger  tube,  in  the  bottom 
of  which  have  been  deposited  1  gramme  of  pyrogallic 
acid  and  10  c.c.  of  ^  normal  ^  caustic-potash  solution. 
The  larger  tube  is  then  tightly  plugged  with  a  rubber 
stopper.  The  oxygen  is  quickly  absorbed  by  the  pyro- 
gallic acid,  and  the  organisms  develop  in  the  remaining 
constituents  of  the  atmosphere,  viz.,  nitrogen,  a  small 
amount  of  (X),,  and  a  trace  of  ammonia. 

Metliod  of  C.  FrCmkeL  Carl  Friinkel  suggests  the 
following  as  a  modification  of  or  substitute  for  the  tube 
of  Liborius :  the  tube  is  first  inoculated  as  if  it  were 
to  be  pouretl  as  a  plate  or  rolled  as  an  ordinary  Esmarch 
tube.  The  cotton  plug  is  then  replaced  by  a  rubber 
stopper,  through  which  pass  two  glass  tubes.     These 

*  A  normal  solution  is  one  that  contains  in  a  litre  as  many  grammes 
of  the  di88o1vc>d  substance  as  arc  indicatird  by  its  molecular  equivalent. 
The  equivalent  is  that  amount  of  a  chemical  compound  which  possesses 
the  same  chemical  value  as  does  one  atom  of  hydrogen.  For  example : 
one  molecule  of  hydrochloric  acid  (HCl)  has  a  molecular  weight  and 
also  an  equivalent  weight  of  .'WJ.o;  a  molecule  of  this  acid  has  the 
same  chemical  value  as  one  atom  of  hydrogen.  Its  normal  solution  is 
then^fore  30.0  granimes  to  the  litre.  On  the  other  hand,  sulphuric  acid 
(HfSOi)  contains  in  each  molecule  two  replaceable  hydrogen  atoms; 
its  normal  solution  is  not,  therefore,  80  gnimmes  (its  molecular  weight) 
to  the  litre,  but  that  amount  which  would  be  eciuivalent  chemically  to 
one  hydrogen  atom,  viz.,  40  grammes  fone-half  its  molecular  weight) 
to  the  litre.  A  normal  solution  of  cjiu.stic  potash  contains  as  many 
grammes  to  the  litre  as  the  number  of  its  molecular  weight— 56.1 
grammes  to  the  litre  of  water. 
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must  all  have  been  sterilized  in  the  eteani  sterilizer 
before  using.  On  the  outer  side  of  tlic  stopper  these 
two  tubes  are  bent  at  right  angles  to  the  long  axis  of 
the  test-tube  into  which  they  are  to  be  placed,  and  both 
are  slightly  drawn  out  in  a  gas-flame.     Both  of  these 


tubes  must  he  provided,  l)ofore  sterilization,  with  a 
plug  of  cotton  ;  this  'is  to  prevent  the  access  of  foreign 
organisms  to  the  iiie<liitm  diiriti}^  nmnipulntions.  At 
the  inner  side  of  the  ruliber  sti)i>pt'r — that  is,  the  end 
which  is  to  be  inserlcd  into  the  tesl-tiihe — the  glass 
tubes  arc  of  <lillen>nt  lenirtlis :  one  readies  to  witiiin 
0.5  cm.  of  tlic  hoitoni  of  the  test-tube,  the  other  is  cut 
off  flush  witii  the  under  surface  of  the  stopper.     The 
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outer  end  of  the  longer  glass  tube  is  then  connected 
with  a  hydrogen  generator  and  hydrogen  is  allowed 
to  bubble  through  the  gelatin  (Fig.  41,  a)  in  the  tube 
until  all  contained  air  has  been  expelled  and  its  place 
taken  by  the  hydrogen.*  When  the  hydrogen  has  been 
bubl>ling  through  the  gelatin  for  about  five  minutes 
(at  least)  one  can  be  reasonably  sure  that  all  oxygen 
has  been  expelled.  The  drawn-out  portions  of  the 
tubes  can  then  be  sealed  in  the  gas-flame  without  fear 
of  an  explosion.  The  protruding  end  of  the  rubber 
stopper  is  then  painted  around  with  melted  paraffin 
and  i\m  tube  rolled  in  the  way  given  for  ordinary 
Esmarch  tubes.  A  tube  thus  prepared  and  containing 
gnawing  colonies  is  shown  in  Fig.  41,  b. 

The  development  that  now  occurs  is  in  an  atmos- 
phere of  hydrogen,  all  oxygen  having  been  expelled. 
During  the  operation  the  tulx^  containing  the  liquefied 

*  Before  beginning  the  experiment  it  is  always  wise  to  test  the  hydro- 
gen—i.  «•.,  to  see  that  it  is  free  from  oxygen  and  that  there  is  no  danger 
of  an  explosion,  for  unless  this  be  done  the  entire  apparatus  may  be 
blown  to  pieces  and  a  serious  accident  occur.  The  agents  used  should 
be  pure  zinc  and  pure  sulphuric  acid  of  about  2.")  to  .'50  iR»r  c«nt. 
strength.  With  the  primary  evolution  of  the  gJis  the  outlet  of  the 
generator  should  1k»  close<l  and  kept  clostid  until  the  gas  reservoir  is 
quite  filled  with  hydn>gen.  The  outlet  should  then  1h^  opened  and  the 
entire  volume  of  gas  allowed  to  esca|>e,  care  Ix'ing  taken  that  no  flame 
is  in  the  neighborhood.  This  should  be  repeated,  after  which  a  sjimple 
of  the  hydrogen  generated  should  he  coll«H-t<'d  in  an  inverted  test-tube 
in  the  onlinary  way  for  collecting  gases  over  water,  viz.,  by  filling  a 
test-tube  with  water.  <losing  its  mouth  with  the  thumb,  inverting  it, 
and  placing  its  nuMith  under  water,  when,  after  removing  the  thumb, 
the  water  will  1k>  kept  in  it  by  atmospheric  pn^ssure.  Tin*  hydrogen 
which  is  flowing  from  the  open  generator  may  be  conducted  to  the  test- 
tube  by  rublM»r  tubing.  When  the  water  has  been  replaced  test  the  gas 
by  holding  a  flame  near  the  <>pen  mouth  of  the  test-tube.  If  no  explo- 
sion occurs,  the  hydrog<'n  is  safe  to  use.  Should  there  be  an  explosicm, 
the  genemtion  of  hydrogen  must  be  continued  in  the  appanitus  until 
it  bums  with  a  colorless  flame  when  tested  in  a  test-tube. 
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gelatin  should  be  kept  in  a  water-bath  at  a  temperature 
i^fticieiitly  high  to  prevent  its  solidifying,  and  at  the 
same  time  not  high  enough  to  kill  the  oi^uisms  with 
which  it  has  been  inoculated. 

One  of  the  obstacles  to  the  successful  performance  of 
this  methfxl  is  the  bubbling  of  the  gelatin,  the  foam 
from  which  will  oiiten  fill  the  exit-tube  and  sometimes 
be  forced  from  it.  This  may  be  obviated  by  reversing 
the  order  of  proceeding,  viz. :  roll  the  Esmareh  tube 
in  the  ordinary  way  witli  the  organisms  to  be  studied, 
using  a  relatively  small  amount  of  gelatin,  so  as  to 
have  aa  thin  a  layer  as  possible  when  it  is  rolled. 
Then  replace  the  cotton  ping  with  the  sterili?.ed  rubber 
stopper  carrying  the  glass  tnbes  through  which  the 
hydrogen  is  to  be  jrasseil,  and  allow  the  hydrogen  to 
flow  through  as  in  the  method  iirst  given,  The  gas 
now  paMjeB  ovtr  the  gelatin  instead  of  ifirough  it, 
and  consequently  no  bubbling  results.  In  all  other 
respects  the  procedure  is  the  same  as  that  given  by 
Frankel. 

Mdkod  of  Kitamto  and  WeU.  For  favoring  an- 
aerobic conditions  Kita.sato  and  Weil  have  suggested 
the  addition  to  the  culture-media  of  some  strong  re- 
docing-ogent.  They  recommend  formic  acid  or  sodium 
ibrmate  in  0.3  to  0.5  per  cent. ;  glucose  in  1.5  to  2  per 
orait. ;  or  blue  litmus  tincture  in  5  per  cent,  by  volume. 
This  is,  of  course,  in  addition  to  an  atmosphere  from 
which  all  oxygen  has  been  expelled.  As  a  reducing- 
agent  for  this  purpose  Theobald  Smith  regards  a  weaker 
solntion  of  glucose,  0,3  to  0.5  per  cent.,  as  more  ad- 
vantsgeouK. 

Egmitivh'a  metkal.  Esmarch's  plan  is  to  prepare  in 
the  usual  way  a  rolt-tulK  of  the  oi^nisms ;  subject  it 
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i4f  Si  low  U'mprf ratlin?,  and  while  quite  cold  fill  it  with 
liqij<f(i^rfl  ^«;latiii,  wljifrh  is  caused  to  solidify  rapidly. 
In  thin  nj«ftluHl  tin;  colonies  develop  along  the  sides  of 
the  Ui\n*Hf  and  can  \Hi  more  easily  studied  than  when 
tijcy  arc  H<,'attcnfil  through  the  gelatin,  as  in  the  method 
of  LihoriiiH. 

Hy  Mornc  workers  the  oxygen  is  removed  from  the 
cnlturc-incdium  l>y  the  use  of  the  air-pump. 

Many  other  nK^th^Kls  arc  cmploycKl  for  this  special 
piir|)OHe,  hut  for  tlie  b(;ginncr  those  given  will  suffice. 

From  what  has  been  sjiid  it  mav  l)e  inferred  that  the 
cuhivntion  of  anaerol)ic  bacteria  is  a  simple  matter  and 
atten<lr<l  with  Imt  litth^  dilliculty.  Such  an  inference 
will,  however,  Im*  quic^klv  abandoned  when  the  beginner 
attem|»tH  tliin  part  of  his  work  for  the  first  time,  and 
particularly  when  his  efforts  are  directed  toward  the 
Hf'pnrntioii  of  these  forms  from  other  organisms  with 
wliieh  they  jire  associated.  The  presence  of  spore- 
forming,  Jitcultntirr  anaerobes  in  mixtnl  cultures  is 
always  to  be  suspected,  and  it  is  this  group  that  renders 
the  task  s(»  ditlicnit.  At  best  th(»  work  requires  undi- 
vi(le«l  attention  ami  no  small  degree  of  skill  in  bacterio- 
logical  teclini(|ne. 

1mm)I.  rnoni'iMMoN. — The  genemtion  of  products 
t»thcr  tliiin  tlu»se  that  irive  rise  to  altenitions  in  the  reac- 
tion  y'^i  the  m«'tlia,  ami  whose  piH'sence  may  be  detected 
by  chemical  I'cai'tion*^,  is  now  a  recoirnizeil  step  in  the 
identitlcatii»n  (^(  ililVeri*nt  spci'ics  kA'  bacteria.  Among 
tluvse  pn>duct<  is  one  that  is  pnHlueed  by  a  number 
of  orirani'^ms,  anvl  who-e  presence  mav  easilv  Ih*  de- 
tci'ted  bv  its  charactcri-'lic  behavior  when  tri^attH.1  with 
iHTtain  Nub^^tanccs.  1  reter  to  //// ''Wm-/.;./,,/,  the  n»ac- 
tiiMw  of  which  wen^  de5i<.TilHHl  by  Heyer  in   18i>0,  and 
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the  presence  of  which  as  a  product  of  the  growth  of 
certain  bacteria  lias  since  furnished  a  topic  for  consid- 
erable discussion. 

Indol,  the  name  by  which  this  body  is  now  generally 
known,  when  acted  upon  l>y  reducing-agentii  beeonios 
of  a  more  or  loss  decided  rose  color.  This  body  was 
recognized  as  one  of  the  products  of  growth  of  the 
spirillum  of  Asiatic  cholera  first  by  Pool,  and  a  short 
time  subsequently  by  Bujwid  and  by  Dunham,  and  for 
a  time  was  believed  to  be  peculiarly  characteristic  of 
the  growth  of  this  orgiinism.  It  has  since  been  found 
that  there  are  many  othtT  bacteria  wliicli  also  possess 
the  pn)perty  of  producing  indol  in  the  course  of  their 
devdopniont.  It  is  constantly  present  in  putrefying 
matters,  and  is  one  of  tlie  aromatic  bodies  that  give  to 
feces  tlieir  characteristic  odor. 

The  metliods  ('mpl<>ye<l  for  its  detection  are  as  follows : 
cultivate  the  oiganism  for  twenty-four  to  forty-eight 
hours  at  a  temperature  of  .'J7°  C,  in  tlie  simple  pep- 
tone solution  known  as  "Dunham's  solution"  (see 
formula  for  tliis  medinm).  This  solution  is  preferred 
because  its  pale  color  does  not  mask  the  rose  color  of 
the  reactJon  when  the  amount  of  indol  present  is  very 
small. 

Four  tubes  sliould  always  be  inocukted  and  kept 
under  exactly  the  same  conditions  for  the  same  length 
of  time. 

At  the  end  of  twenty-four  or  forty-eiglit  hours  the 
test  may  be  made.  Proceed  as  follows :  to  a  tube  con- 
taining 7  c.e.  of  the  peptone  solution,  but  which  has  «of 
been  inoculated,  add  10  drops  of  concentrated  sulphuric 
acid.  To  another  similar  tube  add  1  c.c.  of  a  0.01  per 
cent,  solution  of  sodium  nitrite,  and  afterward  10  drops 
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of  conoentnitcd  sulphuric  acid.  Observe  the  tabes  for 
iiv(^  to  ton  minutes.  No  alteration  in  their  color  ap- 
IM'iirs^  or  at  least  there  is  no  production  of  a  rose  color. 

Thev  eoiitain  no  indol. 

Tnnit  in  the  same  way,  with  the  acid  alooe^  two  of 
th<'  tubes  wliieli  have  been  inoculated.  If  no  rose  color 
apjM'ars  aiter  five  or  ten  minutes,  add  1  c.c.  of  the 
sodium  nitrite  solution.  If  now  no  rose  color  is  pn>- 
<hier(l,  tlie  iiulol  reaction  may  be  considered  as  negative 
— /.  /.,  no  indol  lias  been  formed  as  a  product  of  the 
growth  of  the  baeteria. 

If  indol  is  present,  and  the  rose  color  appears  after 
tlie  addition  of  the  acitl  alone,  it  is  plain  that  not  only 
indol  has  Ixcn  formed,  but  coincidently  a  redncing- 
body.  '^riiis  is  foimd,  by  j)rojKT  means,  to  be  nitrous 
acid.  The  snlphnrie  a<'id  liberates  this  acid  from  its 
salts  and  permits  nf  its  reducing  action  being  brought 
into  play. 

If  tlir  ro>e  color  ai)pears  only  after  the  addition  of 
both  tbe  acid  and  tlie  nitrite  solution,  then  indol  has 
Ikm'Ii  f(»rmed  durin«j:  the  growth  of  the  organisms,  but 
no  nitrites. 

Control  the  results  obtained  by  treating  the  two 
nMnainiuij^  eulturrs  in  the  same  way. 

T\w  ioM  is  sometimes  made  by  allowing  concentrated 
sulphuric  acid  to  flow  down  the  sides  and  collect  at  the 
bottom  <»f  the  tube  ;  the  reaction  is  then  se(»n  as  a  roso- 
coIohmI  zone  overlying  the  line  of  contact  of  the  acid  and 
eulture-medium.  This  method  is  open  to  tlu*  objection 
that,  if  imhd  is  pres^'iit  in  only  a  very  small  amount 
the  faint  rose  tint  ))rodueed  by  it  is  apt  to  be  maske<l 
bv  a  brown  color  (hat  results  from  the  charring  action 
of  the  coneentnited  acid  on  th(^  other  organic  matters 
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ill  the  culture-ruediiini,  so  that  its  presence  may  in  this 
way  escape  dctet-tiou.  In  view  of  this,  Pt'tri  recom- 
mends the  use  of  dUiiie  sulphuric  acid.  He  states  that 
when  Indol  is  present  the  cliaracterisitic  rose  color  ap- 
pears a  little  more  slowly  with  the  dilute  acid,  but  it  is 
more  permanent,  and  there  is  never  any  likelihood  of 
its  presence  being  masked  by  other  color-reaetions. 

Muir  and  Ritchie  recoraraeiid  the  use  of  ordinary 
fuming  or  yellow  nitric  aeid  for  this  test.  In  this 
method  two  or  three  drops  of  the  acid  are  added  to 
the  culture  under  consideration.  If  indol  be  present, 
the  red  color  appears  as  a  result  of  the  reducing  action 
of  the  nitRnis  acid  upon  it.  The  defect  in  this  method 
is  that  it  reveals  the  presence  of  only  indol,  and  does 
not  indicate  whether  or  not  reducing-lx»dics  were  coin- 
cidently  formed  with  tlie  indol.  As  a  test  for  indol 
alone  it  is  convenient  and  entirely  trustworthy, 

Te^  Jot  nitrites.  For  this  purpose  Lunkewicz  has 
recently  recommended  the  employment  of  Ilosvay's 
modification  of  the  niethwl  of  Gricss.  As  reagents 
the  following  solutions  are  employed : 

.,-,..  0,1  grammo. 


I.  NnphthyliLmiau  . 

Dintilled  wuter 

Acetic  ftc[<l  [25  por  cant.  <ul.) , 


In  preparing  solution  a  the  naphthylamine  is  dis- 
solved in  20  e.e.  of  boiling  water,  filtered,  allowed  to 
cool,  and  mixed  with  the  dilute  acetic  acid.  Solutions 
a  and  6  are  then  mixed.  The  resulting  mixture  should 
be  colorless.  It  is  best  to  prepare  it  as  needed,  though 
if  kept  in  a  closely  stoppereil  flask  it  rebiins  its  virtues 
,   for  some  time. 
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When  added  to  cultures  containing  nitrites^  in  the 
proportion  of  one  vohime  of  reagent  to  five  volumes 
of  the  culture,  a  deep-red  color  appears  in  a  few 
seconds.  If  no  nitrites  are  present,  no  color-reaction 
occurs.  In  testing  cultures  always  control  the  results 
by  tests  on  a  portion  of  the  same  medium  not  inocu- 
lated, as  some  of  the  ingredients  of  which  the  medium 
is  composed  may  contain  nitrites.  Lunkcwicz  recom- 
mends the  use  of  Merck's  peptone  for  this  test,  claim- 
ing that  nitrites  are  always  to  be  found  in  Witters 
peptones. 

POINTS  TO  BE  OBSERVED  IN  DESCRIBING  AN  ORGANISM. 

The  following  is  an  outline  of  points  to  be  considered 
in  describing  a  new  organism  or  in  identifying  an 
organism  with  one  already  described  : 

1.  Its  source — as  air,  water,  or  soil.  If  found  in  the 
animal  body,  is  it  normally  present  or  only  in  patholog- 
ical conditions? 

2.  Its  form,  size,  mode  of  development,  occurrence 
of  involution-forms  or  other  variations  in  morphology. 
Grouping,  as  in  pairs,  chains,  clumps,  zo(*)gl(ea;  pres- 
ence of  capsule;  development  and  germination  of 
spores ;  arrangement  of  flagella. 

3.  Staining-peculiarities— espcially  its  reactions  with 
Gram's  (or  Weigort's  fibrin)  stain,  and  peculiar  or  irreg- 
ular modes  of  staining. 

4.  Motility— to  be  determim^d  on  very  fresh  cultures 
and  on  cultures  in  different  media. 

5.  Its  relation  to  oxygen— Is  it  aon)bie,  anaerobic, 
or  facultative?  Does  it  develop  in  otluT  ^rj^ses,  as 
carbonic  acid,  hydrogen,  etc.  ? 
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6.  Both  the  macroscopic  and  microscopic  appearance 
of  its  colonics  on  nutrient  gelatin  and  on  nutrient  agar- 
agar. 

7.  The  appearance  of  its  growth  in  stab-  and  slant- 
cultures  on  gelatin,  agar-agar,  blooil-serum,  and  potato. 

8.  The  character  of  its  growth  in  fluid  media,  as  in 
bouillon,  milk,  litmus-milk,  rosolic-acid-peptone  solu- 
tion, and  in  bouillon  containing  glucose. 

9.  Does .  it  grow  best  in  acid,  alkaline,  or  neutral 
me<lia  ? 

10.  Is  the  normal  reaction  of  the  medium  altered  by 
its  growth  ?  Is  its  growth  accompanied  by  the  produc- 
tion of  indol  ?  Is  the  indol  associated  with  the  coinci- 
dent production  of  nitrites? 

11.  Is  its  growth  accompanied  by  the  production  of 
gas,  as  evidenced  by  the  appeanince  of  bubbles  in  the 
media — both  in  media  containing  fermentable  sugars 
and  those  from  which  these  bodies  are  al)sent?  When 
cultivated  in  sugar-bouillon  in  the  fermentation-tube, 
what  proportion  of  gas  is  evolved  under  known  condi- 
tions ?  How  nuich  of  this  gas  is  carbonic  acid,  and  how 
much  is  explosive? 

12.  At  what  temperature  does  it  thrive  best,  and 
what  are  the  lowest  and  highest  temperatures  at  which 
it  will  develop?  What  is  its  thermal  death-point,  both 
by  steam  and  dry-air  methods  of  determining  this  ix)int? 

13.  What  is  its  behavior  when  exposed  to  chemical 
disinfectants  and  antiseptics?  Does  it  withstand  dry- 
ing and  other  injurious  influences,  both  in  the  vegeta- 
tive and  spore  stages  ?  The  germicidal  activity  of  the 
blood-serum  of  different  animals  may  also  be  tried 
upon  it. 

14.  Its  pathogenic  powers — modes  of  inoculation  by 
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which  these  are  demoDstrated ;  quantity  of  material  used 
in  inoculatioD ;  duration  of  the  disease  and  ita  eymp- 
toms ;  lesions  produced,  and  distribution  of  the  bacteria 
in  the  inoculated  aninialB ;  which  animals  are  susceptible 
and  which  immune,  and  the  character  of  its  pathogenic 
activities.  VariatJons  in  virulence,  and  the  probable 
causes  to  which  they  are  due.  Can  they  be  produced 
artificially  and  at  will  ? 

15.  The  detection  of  specific,  toxic,  and  immunizing 
products  of  growth. 

16.  Its  behavior  when  exposed  to  the  influence  of 
blood-serum  of  animals  immunized  from  it ;  also  its 
behavior  when  mixed  with  serum  from  an  animal  in 
the  acute  stage  of  infection  resulting  from  it.  Are  the 
relations  between  the  organism  and  the  serum  constant 
and  specific? 


CHAPTER  XII. 

Inoculation  of  animals — Subcutaneous  inoculation — Intravenous  in- 
jection— Inoculation  into  the  great  serous  cavities,  and  into  the 
anterior  chamber  of  the  eye — Observation  of  animals  after  inocu- 
lation. 

After  subjecting  an  organism  to  the  methods  of 
study  that  we  have  thus  far  reviewed  there  remains  to 
be  tested  its  action  upon  animals — i.  e.,  to  determine  if 
it  possesses  the  property  of  prochieing  disease  or  not ; 
and,  if  so,  what  are  the  pathological  results  of  its 
growth  in  the  tissues  of  these  animals,  and  in  what  way 
must  it  gain  entrance  to  the  tissues  in  order  to  produce 
these  results  ?  The  mode  of  deciding  these  points  is  by 
inoculation,  which  is  practised  in  different  ways  accord- 
ing to  circumstances.  Most  commonly  a  bit  of  the 
culture  to  be  tested  is  simply  introiluced  beneath  the 
skin  of  the  animal ;  but  in  other  cases  it  may  be  neces- 
sary to  introduce  it  directly  into  the  vascular  or  lym- 
phatic circulation,  or  into  one  or  the  other  of  the  great 
serous  cavities ;  or,  for  still  other  purposes  of  observa- 
tion, into  the  anterior  chamber  of  the  eye,  upon  the  iris. 

SUBCJUTANEOUS     INOCULATION    OF    AnIMAIJS. The 

animals  usually  employed  in  the  laboratory  for  purposes 
of  inoculation  are  white  mice,  gray  house-mice,  guinea- 
pigs,  rabbits,  and  pigeons. 

For  simple  subcutaneous  inoculation  the  steps  in  the 
^iXKsess  are  practically  the  same  in  all  cases.  The  hair  or 
others  are  to  be  carefully  removed.    If  the  skin  is  very 
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dirty,  it  may  be  scnibbed  with  soap  and  water.  Steriliza- 
tion of  the  skin  is  practically  impossible,  so  it  need  not 
be  attempted.  If  the  inoculation  is  to  be  made  by  means 
of  a  hypodermic  syringe,  then  a  fold  of  the  skin  may  be 
lifted  up  and  the  needle  inserted  in  the  usual  way.  If  a 
solid  culture  is  to  be  inoculated,  a  fold  of  skin  may  be 
taken  up  with  forceps  and  a  pocket  cut  into  it  with 
scissors  which  have  previously  been  sterilized.  This 
pocket  must  be  cut  large  enough  to  admit  the  end  of  the 
needle  without  its  touching  the  sides  of  the  opening  as  it 
is  inserted.  Beneath  the  skin  will  be  found  the  super- 
ficial and  deep  connective-tissue  fasciae.  These  must  be 
taken  up  with  sterilized  forceps,  and  with  sterilized  scis- 
sors incised  in  a  way  corresponding  to  the  opening  in  the 
skin.  The  pocket  is  then  to  be  held  open  with  the  for- 
ceps and  the  substance  to  bo  inserted  is  introduced  as 
far  under  the  skin  and  fascia)  as  possible,  care  being 
taken  not  to  touch  the  edges  of  the  wound  if  it  can 
be  avoided.  The  edges  of  the  wound  may  then  be 
simply  pulled  together  and  allowed  to  remain.  No 
stitching  or  efforts  at  closing  it  are  necessary,  though  a 
drop  of  collodion  over  the  point  of  operation  may  serve 
to  lessen  contamination. 

During  manipulation  the  animal  must  be  held  still. 
For  this  purpose  special  forms  of  holders  have  been 
devised ;  but  if  an  assistant  is  at  hand,  the  simple  sub- 
cutaneous inoculation  may  be  made  without  the  aid  of 
a  mechanical  holder. 

It  is  at  times,  however,  more  convenient  to  dispense 
with  an  assistant ;  one  of  several  forms  of  api)aratus  that 
have  been  devised  for  lioldiutr  niiec,  truinea-pigs,  rats, 
rabbits,  etc.,  may  then  he  used.  Yov  small  animals,  such 
as  mice  and  rats,  the  holder  suggested  by  Kitasato  is  verj" 
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useful.     It  IB  simply  a  metal  plute  attached  to  a  stand  by  a 
clamped  ball-and-socket  joint,  ho  tliat  it  can  be  fixed  in 


any  position.     It  ia  provided  with  a  .=p ring- clip  at  one 
end  that  holds  the  animal  by  the  skin  of  the  neck,  and 


at  the  other  end  with  another  clamp  that  holds  the  tail 
of  the  animal.     This  holder  is  shown  in  Fig.  42.     For 
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larger  aoimals  tlit'  fiirm  "f  holder  r^hown  in  Fig.  43  is 
f  oommooly  used, 

A  very  siinple  ami  useful  holder  tor  guiuea-pigs  con- 
[  UBte  of  a  metal  cylinder  of  about  5  em.  diameter  and 


about  13  em.  long,  eloscd  at  one  end  by  a  perforated 
cap  of  either  tin  or  wire  netting.  Along  the  side  of 
this  box  is  a  longitudinal  slit  12  mm.  wide  that  runs  for 
9.5  cm,  from  within  0.5  mm.  of  the  ojx'n  extremity  of 
the  cylinder.     The  animal  is  placed  in  such  a  cyliuder 
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witli  its  head  towaixl  the  ptrforated  bottom.  It  is  theo 
easily  posHiblu  to  make  giibcutanemi^  iuoculation  hy 
takiog  lip  u  bit  of  akin  through  tlie  slit  in  the  side  of 
the  Ikix,  or  to  muke  intra  peri  toueal  injection  by  drawing 
the  posterior  extremities  slightly  from  the  box  and 
holding  them  steady  between  the  index  and  seeoud 
finger,  as  seen  in  Fig.  44.  It  is  also  verj'  convenient 
for  uae  when  the  rectal  temperature  of  these  small  ani- 
mals is  to  be  taken.  The  manipulations  can  easily  he 
made  without  the  aid  of  on  assistant.  Its  eom^tructiou 
is  seen  in  Fig.  44.' 

For  ordinary  stiheutaneous  inoculations  at  the  root 
of  thu  tail  in  mice  a  simple  apparatus  consists  of  a 
piece  of  board  about  7  x  10  cm.  and  2  cm.  tliick, 
upon  which  is  lai-kcd  a  hollow  tnincated  cone  of  wire 
gauze,  about  6  era.  long  and  about  1.5  cm,  in  diameter 
at  one  end  and  2  cm.  at  its  otlier  end.     This  is  tacked 


up(m  the  board  in  such  a  position  that  its  long  axis  is 

in  the  long  axis  of  the  board,  being  equidistant  from  its 

sides.     Its  small  end  is  placed  at  the  edge  of  the  boanl. 

1  The  mouse  is  taken  up  by  the  tail  by  means  of  a  pair 

iluftic  tiud  PuraKiltnk unite.  I89j.  Bd.  iviii. 


224  BACTERIOLOGY. 

of  tongs  and  allowed  to  crawl  into  the  smaller  end  of 
the  wire  cone.  When  so  far  in  that  only  the  root  of 
the  tail  projects  the  animal  is  fixed  in  this  position  by 
a  clamp  and  thumb-screw,  with  which  the  apparatus 
(Fig.  45)  is  provided.  The  animal  usually  remains  per- 
fectly quiet  and  may  be  handled  without  difficulty. 

The  hair  over  the  root  of  the  tail  is  to  be  care- 
fully cut  away  with  scissors  and  a  pocket  cut  through 
the  skin  at  this  point.  The  inoculation  is  then  made 
into  the  loose  tissue  under  the  skin  over  this  part  of  the 
back  in  the  way  that  has  just  been  described.  It  is 
always  best  to  insert  the  needle  some  distance  along  the 
spinal  column,  and  thus  deposit  the  material  as  far  fix>m 
the  surface-wound  as  possible. 

As  the  subcutaneous  inoculation  is  very  simple  and 
takes  only  a  few  moments,  guinea-pigs,  rabbits,  and 
pigeons  may  be  held  by  an  assistant.  The  front  legs  in 
the  one  hand  and  the  hind  legs  in  the  other,  with  the 
aninuil  stretched  upon  its  back  on  a  table,  is  the  usual 
position  for  the  operation  when  practised  upon  guinea- 
pigs  and  rabbits.  Tlie  point  at  which  the  inoculations 
are  commonly  made  is  in  the  abdominal  wall,  either  to 
the  right  or  left  of  the  median  line  and  about  3  cm. 
distant.  When  pigeons  are  used  they  are  held  with  the 
legs,  tail,  and  ends  of  the  wings  in  the  one  hand,  and 
the  head  and  anterior  {K)rtion  of  the  body  in  the  other, 
leaving  the  area  occupied  by  the  pectoral  nniseles,  over 
which  the  incK'ulation  is  to  be  made,  free  for  manipu- 
lation. The  hair  over  the  point  selected  for  the  in- 
oculation should  be  closely  cut  with  scissors  in  the  case 
of  guinea-pigs  and  rabbits,  and  from  a  small  area  the 
feathers  should  be  plucked  in  the  case  of  the  pigeon. 

Injection  into  the  CincrLATioN. — It  is  not  in- 
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frequeutiy  desirable  to  iiiject  the  niutcrial  under  couiiid- 
cration  directlj'  iuto  tlie  cireulatiuu  of  aa  miitual.  If 
a  rabbit  is  employed  for  the  purjMjse,  the  operation  is 
usually  done  iiiwu  one  of  the  veins  in  the  ear.  To  those 
who  have  had  no  practice  with  this  procedure  it  offers  a 
gn^t  muuy  ditGculties;  but  if  the  directions  which  will 
be  given  are  strictly  observed,  the  greatest  of  these 
obstacles  to  the  successful  performance  of  tlie  operation 
may  be  overcome. 

When  viewing  the  circulation  in  the  ear  of  the  rabbit 
by  transmitted  light  three  conspicuous  branches  of  the 
main  vessel  (yma  anrieularU  poatcrior)  will  be  seen. 
One  runs  about  centrally  in  the  long  axis  of  tlie  ear, 
one  runs  along  its  anterior  margin,  and  one  along  its 
p<ieterior  margin.  The  central  branch  (i-amus  anterior 
of  the  vena  aurieularia  poalrrior)  is  the  largest  and  most 
conspicuous  vessel  of  the  ear,  and  is,  therefore,  believed 
by  the  inexperience*!  to  l>e  the  branch  into  which  it  would 
appear  easiest  to  insert  a  hypodermic  needle.  Tins, 
however,  is  fallacious.  This  vessel  lies  very  loosely 
imbedded  in  connective  tissue,  and,  in  efforts  to  intro- 
duce a  needle  into  it,  rolls  about  to  such  an  extent  that 
only  afler  a  great  deal  of  difficulty  does  the  experiment 
8uccee<],  On  the  other  liand,  the  posterior  branch  (rnmia 
bUrraiis  ponfa'tor  of  the  veiia  nuricularU  posterior)  is  a 
very  fine,  delicate  vessel  which  nins  along  the  posterior 
mai^in  of  the  ear,  and  is  so  firmly  fixed  in  the  dense 
I  tissues  which  surround  it  that  it  is  prevented  from 
I  >t>11ii]g  almut  under  the  point  of  the  needle.  The 
r  away  from  the  mouth  of  tlie  vessel — that  is,  the 
'  we  approach  its  capillary  extremity — the  more 
Avorable  liecome  the  conditions  for  the  success  of  the 
►^ration. 
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Select,  theu,  tlie  very  delicate  vessel  lying  quite  close 
to  the  posterior  margin  of  the  ear,  and  make  the  injec- 
tion as  near  to  the  apex  of  the  ear  as  possible.  At 
times  the  vessels  of  the  ear  will  be  found  to  contain 
so  little  blood  that  they  are  hardly  distinguishable, 
making  it  very  difficult  to  introduce  the  needle  into 
them.  This  is  sometimes  overcome  by  pressure  at  the 
root  of  the  ear,  causing  stasis  of  the  blood  and  distention 
of  the  vessels.  A  very  satisfactory  method  of  causing 
the  veins  to  become  prominent  is  to  press  lightly  or 
prick  gently  with  the  point  of  a  needle  the  skin  over 
the  vessel  to  be  used.  In  a  few  seconds,  as  a  result  of 
this  irritiition,  the  vessel  will  have  become  distended 
with  blood,  and  readily  distinguishable  from  the  sur- 
rounding tissue;  it  may  then  be  easily  punctured  by 
the  needle  of  the  syringe.  A  sharp  flick  with  the 
finger  will  often  produce  the  same  result.  The  injection 
is  always  to  be  made  from  the  dorsal  surface  of  the  ear. 

Of  no  less  importance  than  the  selection  of  the  proper 
vessel  is  the  shape  of  the  point  of  the  needle  employed. 
The  hypodermic  needles  as  they  come  from  the 
mak(»rs  are  not  suited  at  all  for  this  operation,  because 
of  the  manner  in  which  their  points  are  ground.  If 
one  examine  carefully  the  point  of  a  new  hyp(Klermic 
needle,  it  will  be  seen  that  the  long  point,  instead  of 
presenting  a  flat,  slanting  surface  when  viewed  from  the 
side,  has  a  more  or  less  curved  surface*.  Now,  in  efforts 
to  intnHlnee  such  a  needle;  into  a  vessel  of  very  small 
calibre  it  is  usually  seen  that  the  point  of  the  needle, 
instead  of  remaining  in  the  vessel,  as  it  would  do  were 
it  straight,  very  commonly  projevts  into  the  opposite 
w'all  ;  and  as  the  needle  is  inserted  further  and  further 
it  is  usually  [)ushed  through  the  vessel-walls  into  the 
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loose  tissues  beyond,  and  the  material  to  be  injected  is 
deposited  in  these  tissues,  instead  of  into  the  circulation. 
If,  on  the  contrary,  the  slanting  point  of  the  needle  be 
ground  until  its  surface  is  perfectly  flat  when  viewed 
from  the  side,  and  no  curvature  exists,  then  when  once 
inserted  into  a  vessel  it  usually  remains  there,  and  there 
is  no  tendency  to  penetrate  the  opposite  wall.  We  never 
use  a  new  hypodermic  needle  imtil  its  point  is  carefully 
ground  to  a  perfectly  flat,  slanting  surface  with  no  cur- 
vature whatever. 

These  differences  may  perhaps  be  more  easily  under- 
stood if  represented  diagrammatically.     In  Fig.  46,  a, 


Fig.  46. 
a 


Hypodermic  needles,  magnified,  a.  Improper  point,  h.  Proper  shape  of  point. 

the  needle  has  the  point  usually  seen  when  new.  In  Fig. 
46,  fe,  the  point  has  been  ground  to  the  shape  best  suited 
for  this  operation.  The  ncnnlles  need  not  be  returned 
to  the  maker.  One  can  grind  them  to  the  shape  desired 
in  a  few  minutes  ujx)!!  an  oilstcme.  The  size  of  the 
needle  is  that  commonly  employed  by  physicians  for 
subcutaneous  injections  in  human  beings. 

When  the  operation  is  to  be  jK'rformed  an  assistant 
holds  the  animal  gently  but  firmly  in  the  crouching 
position  upon  a  table.  If  the  animal  does  not  remain 
quiet,  it  is  best  to  wrap  it  in  a  towel,  so  that  only  its 
head   protrudes;   though  in  most  cases  we  have   not 
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foiiiid  this  necessary,  particularly  if  the  animal  has  not 
Im'cii  excited  prior  to  beginning  tlie  operation. 

The  ear  in  which  the  injection  is  to  be  made  is  to  be 
shaved  (;h;an  of  hair  by  means  of  a  razor  and  soap. 

'rh<^  animal  should  I)e  placed  so  that  the  prepared 
<'ar  (•oincs  betwec^n  the  operator  and  the  source  of  light. 
This  n*n<K'rs  visible  by  transmitted  light  not  only  the 
(•()ars(T  vessels  of  the  ear,  but  also  their  finer  branches. 

"IMm*  filled  hyiMMlermic  syringe  is  taken  in  one  hand 
and  with  the  other  hand  the  ear  is  held  firmly.  The 
point  of*  the  needle  is  then  inserted  through  the  skin 
and  into  th(i  finest  ]xirt  of  the  ramus  posteriory  the  part 
nearest  th(»  ap(^v  of  the  ear,  where  the  course  of  the 
vessel  is  nearly  straight.  When  the  point  of  the  needle 
is  ill  this  vessel  it  gives  to  the  hand  a  sensation  quite 
dilTereiit  from  that  felt  when  it  is  in  theYnidst  of  con- 
iieetive  tissue.  As  soon  as  one  supposes  the  point  of 
the  iHM'dle  is  in  the  vessel  a  drop  or  two  of  the  fluid  may 
be  injretvd  from  the  syringe,  and,  if  his  suspicions  are 
eorreet,  the  eireiilation  in  the  small  ramifications  and 
their  aiisistniiioses  will  r.ij)i<lly  alter  in  appearance — 
/.  /.,  the  eireiilating  blood  will  be  very  (juiokly  replaced 
by  the  rlrnr  tninspareiit  fluid  that  is  being  injected.  At 
this  stage  our  must  proeeed  very  earefully,  for  some- 
times when  the  n<'edle-p(Miit  is  not  actually  in  the  ves- 
sel, but  is  in  th(»  lymph-spaees  surrounding  it,  an  ap- 
|M*aranee  somewhat  similar  is  seen.  This  may  always 
be  diflenMitiated,  however,  by  continuing  the  inje<',tion, 
when  the  flow  of  clear  fluid  through  the  vessels  will  not 
only  fail  to  take  the  place  of  the  circulating  blood,  but 
at  the  sjinu'  time  a  hn'alized  swelling,  due  to  an  accu- 
nuilation  of  the  fluid  injected,  will  apjwar  under  the 
skin  about  the  jMiint  of  the  needle.     The  neeille  must 
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then  be  withdra^vn  and  inserted  into  the  vessel  at  a 
puint  &  little  nearer  its  proximal  end. 

C-are  niiut  be  taken  that  no  air  is  injected. 

The  hypodermic  Hyringe  and  needle  must,  previous 
to  operation,  have  been  carefnlly  sterilized  in  the  steam 
sterilizer  or  in  boiling  water.  Tho  animal  must  be 
kept  under  close  observation  for  about  an  hour  after 
injection. 

The  operation  is  one  that  cannot  be  learned  from 
verbal  dcsi'ription.  It  can  only  be  sucoeBsfully  per- 
formed after  actual  pmctiee.  If  the  precautions  which 
have  been  mentioned  are  observed,  but  little  difficulty 
in  performing  the  operation  will  be  experienced. 

Its  greater  convenience  and  simplicity,  as  compared 
with  other  methodH  for  the  introduction  of  substonces 
iQto  the  circulation,  couinii'Dd  it  a.s  .1  technical  procedure 
with  which  to  make  one's  self  familiar.  The  animals 
sustain  practieally  no  l^■o^^d,  they  esperience  no  suffer- 
ing— at  least  they  give  no  evidence  of  pain — and  no 
aniesthetic  is  required. 

The  form  of  syringe  best  suited  for  this  operation  is 
of  the  ordinary  design,  but  one  that  permits  of  thorough 
Kt4'rilization  by  steam.  It  should  he  made  of  glass  and 
metal,  with  [lackinga  that  may  he  sterilized  by  steam 
without  injury.  The  syringes  commonly  employed  are 
those  shown  in  Fig,  47. 

For   o|w rations   requiring   exact   dosage   experience 

Ihas  led  ine  to  prefer  a  syringe  after  the  pattern  of  C, 

Fig.  47 — i.  <?.,  tlie  form  commonly  used  by  plysi- 

[ins.     The  reason   for  this  is  as  follows:  in  making 

|)jeutions,  either  into  the  circulation  or  under  the  skin, 

•  ere  is  a  certain  amount  of  resistance  to  the  passage  of 

Bid  from  the  ueedlc.     If  one  overcomes  this  resistance 
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to  orcur  when  the  fluid  is  forccti  ftxjni  the  barrel  of  the 
svringe  bv  the  h«wl  of  a  close-fittinp  pistoD,  with  no  air 
intcrveninp  between  the  fliiiil  awl  the  head  of  the  piston. 
With  Htich  an  inetniment,  properly  manipulated,  the 
dow'  ean  alwaj's  be  controlled  with  aeciiraey. 

In<k.ui,ation  into  the  LvMPiiATir  Oir<iii,ation. 
— Fluid  eultiin's  or  giispensions  of  baet^'Ha  may  l»e  in- 
jected into  the  lymphaties  by  way  of  the  t(«tieleR.    The 
ojieration  is  in  no  wi^e  eomplicated.    One  simply  plunges 
the  {loiut  of  the  hyiK>dermie  Ddflle  din-etiy  into  the  sub- 
Btuneo  of  the  twrtielc  and  then  injeots  the  ninotmt  desired. 
>ns  nuwle  in  this  manner  are  sometimes  followed 
np  pntholiigical    lesions  of  the   lymphatie 
he  itbdomva. 
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INOCUIATION  into  the  GltKAT  SEROU8  CAVITIES. 
— iDoculation  into  tlie  pa-Uoneum  presents  uo  difficulties 
if  fluids  are  to  be  introduced,  la  thi>$  cam  one  makes, 
with  a  pair  of  sUrilizeil  eeissora,  a  small  nick  through 
the  skill  down  to  the  underlying  fascia,  and,  taking  a 
fold  of  tlie  alxlominat  wall  between  the  fingers,  plungee 
the  liypodemiic  needle  tlirough  the  opening  just  made 
directly  into  the  peritoneal  cavity.  There  is  little  or  no 
danger  of  penetrating  the  intestines  or  other  internal 
viscera  if  tlie  puncture  be  madi;  along  the  median  line 
at  about  midway  between  the  end  of  the  sternum  and 
the  symphysis  pubis.  Though  this  may  seem  a  rude 
metliod,  it  is  rarely  that  the  intestines  are  penetrated. 
The  olyect  of  tL«  primary  incision  is  to  lessen  the 
chances  of  contamination  by  bacteria  located  in  the 
skin,  some  of  which  would  adhere  to  the  needle  if  it 
were  plunged  directly  through  the  skin,  and  might 
complicate  the  results. 

If  solid  Biibstunees,  bits  of  tissue,  etc.,  are  to  be  intro- 
duced into  the  peritonemn,  it  becomes  necessary  to  con- 
duct the  operation  u^yya  the  lines  of  a  luparotomy. 
The  hair  should  l>o  shaved  from  a  small  area  over  the 
median  line,  after  which  the  skin  is  to  l>c  thoroughly 
washed.  A  short  longitudinal  incision  (nlmtit  2  cm. 
long)  is  then  t<)  be  made  in  the  median  line  through  the 
fikin  and  down  to  the  fiL'JciiG.  Two  subcutaneous 
fiutnres,  as  employed  by  Halsted,  are  then  to  be  intro- 
duced transversely  to  the  line  of  incision  about  1  cm. 
apart,  and  their  ends  left  loose.  This  particular  sort  of 
flutare  does  not  pass  through  the  skin,  but,  instead,  the 
needle  is  introduced  into  the  subcutaneous  tissues  along 
ihe  edge  of  the  incision.  In  this  case  they  are  to  pass 
into  the  abdominal  cavity  and  out  again,  entering  at  one 
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siile  of  the  liiiL-  of  incision  and  leaving  at  the  other, 
as  indicatwl  hv  the  solid  and  dotted  lines  in  Fig.  48. 
(The  figure  indicates  the  primary  opening  tbrongh  the 
skJD.    The  longitudinal  dotted  line  sbows  the  opening  to 
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Ikj  made  into  the  aMomcn ;  the  transverse  dotted  lini 
with  their  loose  ends,  represent  the  sutures  as  placed' 
in  [usition  before  the  aMamen  h  opettcii ;  it  will  be  seen 
that  thtino  sntures  in  all  cases  pass  through  the  subcuta- 
neous tissues  on/y  and  do  not  penetrate  the  skin  proper.) 
The  opening  through  the  remaining  layers  may  now 
bo  completed  ;  the  bit  of  tissue  is  deposited  in  the  i>eri- 
t^meal  ravity,  under  preeaittions  that  will  exclude  all 
else,  the  edges  of  the  wound  drawn  evenly  and  gently 
together  by  tying  the  sutures,  and  the  lines  of  incision 
drea«Kl  with  collodion.  It  should  Iw  needless  to  say 
that  this  operation  must  be  conducted  under  Uie  strictest 
precautions,  to  avoid  complications.  All  inr^rumcnts, 
aatoreB,  ligatures,  etc.,  must  be  carefully  sterilized  either 
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in  the  stftim  sterilizer  for  twenty  minutes,  or  by  l)oiling 
in  2  jwr  eent.  sodium  carbonate  Bolntion  for  ten  min- 
utee ;  the  hiinds  of  tlie  o|>erator,  though  they  ^hoiild  not 
touch  the  wound,  must  bo  carefully  clcansod,  and  the 
material  to  be  introduced  into  the  abdomen  slioiild  be 
handled  with  only  sterilized  instruments. 

Inoculation  into  i\ia  pleural  cavity  is  much  less  fre~ 
qaently  required — in  fact,  it  is  not  a  routine  method. 
It  ia  not  easy  to  enter  the  pleural  cavity  with  a  hypo- 
dermic Qee<lle  without  injuring  the  Inng,  and  it  is  rare 
tliat  conditions  call  for  the  introduction  of  solid  parti- 
cles into  this  locality. 

Inoculation  into  the  antrrior  chaviber  of  the  eye  is  per- 
formed by  making  a  punt'titre  thmiigh  the  cornea  just 
in  front  of  it^s  junction  witli  the  M^k'nttic,  the  knife  being 
passed  into  the  anterior  chamlwr  in  a  plane  parallel  to 
the  plane  of  the  iris.  By  the  aid  of  a  fine  pair  of  for- 
ceps the  bit  of  tissue  is  passed  thri>ugh  the  opening  thus 
made  and  is  deposited  npim  the  iris,  where  it  is  allowed 
to  remain,  and  where  its  patht^nic  activities  upon  the 
iris  t5in  be  conveniently  studied.  It  is  a  mode  of  inoc- 
ulation of  very  limite<1  application,  and  Is  therefore  but 
rarely  jimetised.  It  was  employed  in  the  classical 
experiments  of  Cohnheim  in  demonstrating  the  infec- 
tious nature  of  tuberculous  tia'iues,  tuberculosis  of  the 
iris  being  the  constant  result  of  the  introduction  of 
tuberculous  tissue  into  the  anterior  chamber  of  the  eye 
of  rabbits. 

Observation  of  Animals  after  iNOCtrLATioN. 
— After  either  of  these  methods  of  inoculation,  particu- 
larly when  unknown  species  of  bacteria  are  being  tested, 
the  animal  is  to  be  kept  under  constant  observation  and 
all  deviations  from  the  normal  are  to  be  itarefiilly  noted 
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^B         site  of  inoi-iilation,  etc.     If  death  ensue  in  from  two  to 
^1         four  dayfi,  it  nun'  rcuHJiial>ly  lie  fxpeett-d  tliat  at  auto(«y 
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videncc  of  cither  aeute  septic  or  toxio  processes  will 
ound.     It  Hometiinns  oeeiirs,  however,  that  inoeiihiti 
rcBidta  in  the  produetion  of  chronic  coiiditionB,  and  t 
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animal  must  be  kept  under  observ'ation  often  for  weeks. 
In  these  caacs  it  is  important  to  note  the  pn^;resB  of 
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(Iciicctl  by  Duct  nut  ion  in  weight,  and  upon  the  body- 
teinperatiire.     For  this   purpose   the   animal   is  to  be 
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weiglied  daily,  always  at  about  the   same  hour  and 
always  about  midway  betwecQ  the  huiirs  of  feeding; 
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at  the  ^ame  time  its  temperature,  as  indicated  by  a 
tbermomcter  placed  in  tht;  rectum,  is  to  be  recorded.' 
By  comparison  of  these  daily  obser\-ations  the  ob- 
server is  aided  in  detemiiaiiig  the  course  the  infection 
is  taking. 

Too  much  »iTv^  must  not,  however,  be  laid  upon 
moderate  and  sudden  daily  fluctuations  in  either  tem- 
perature or  weight,  as  it  is  a  common  observation  that 
pneeuniably  nonual  animals  whcu  confined  in  cages  and 
fed  regularly  often  present  vcrj-  striking  temporary- 
gains  and  losses  in  weight,  often  amounting  to  50  or 
KX)  grammes  in  twenty-four  hours,  even  in  animals 
whose  total  weight  may  not  exceed  50U  or  600  gammes; 
similarly  unesplainable  rises  and  falls  of  tem[icmture, 
ofWu  as  much  ag  a  degree  from  one  day  to  another,  are 
seep.  Such  fluctuations  have  apparently  no  bearing 
□pon  the  genera]  condition  of  the  animal,  bnt  are  prob- 
ably due  to  transient  causes,  such  as  overfeeding  or 
scarcity  of  food,  improper  feeding,  lack  of  ezercis^ 
exciu-ment,  fright,  etc. 

The  accompanying  cliarts  (Figs.  43,  50,  61,  52)  will 
serve  to  illustrate  some  of  these  points.  The  animals, 
two  rabbits  and  two  guinea-pigs,  were  taken  at  random 
from  among  stock  animals  and  placed  each  in  a  clean 
cage,  the  kind  used  for  animals  under  experiment,  and 
kept  under  as  gcxid  general  coa<litions  as  possible.  For 
the  first  week  the  rabbits  received  each  100  grammes 
of  green  fixx]  (rabltage  and  tumijis)  daily,  and  the 
gtiinea-pigs  30  grammes  each  of  the  same  food.    During 
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tlie  Bccond  wet;k  this  daily  ainouut  uf  food  was  doubled ; 
during  Hil'  third  week  it  was  quadrupled;  and  for  tlie 
fourth  and  fifth  weeks  tlicy  each  rc(;eived  an  excess  of 
food  daily,  consisting  of  green  vegetables  and  grains 
(oats  and  corn).  By  reference  to  the  cliarts  sudden 
diurnal  fluctuations  in  weight  will  be  observed  tliat 
do  not  correspond  in  all  instances  with  scarcity  or  suf- 
ficiency of  food.  With  the  mb}>its  tiiere  is  a  gratltial 
lose  of  weight  with  the  araaller  amounts  of  food,  which 
losses  are  not  totally  recovered  an  the  food  is  increased. 
With  the  guinea-pigs  there  is  likewise  at  first  a  loss ; 
but  after  a  short  time  the  weight  remains  tolerably  con- 
stant, and  is  not  so  conspicuously  atfectcd  by  the  increase  ^ 
in  food  as  one  might  expect.  From  the  recorded  tera- 
peraturea  one  sees  the  peculiar  fluctuations  mentioned. 
To  just  what  they  ore  due  it  is  impossible  to  say.  It 
is  manifest  that  the  normal  tem]H!rature  of  these  animals, 
if  we  can  speak  of  a  normal  temperature  for  animals 
presenting  such  fluctuations,  is  about  a  degree  or  more, 
Centigrade,  higher  than  that  of  human  beings.  The 
animals  from  which  these  charts  were  made  were  not 
inoculated,  nor  were  they  subjected  to  any  operative 
procedures  whatever,  the  only  deviations  from  normal 
conditions  being  the  variations  in  the  daily  amount  of 
food  given. 

In  certain  instances,  however,  there  will  be  noticed 
a  constant  tendency  to  dimtmition  in  weight,  notwith- 
standing the  daily  fluctuntious,  and  after  a  time  a  iwn- 
ditiun  of  extreme  emaciation  may  be  reached,  the 
animal  of^n  bein^  reduced  to  from  60  to  60  per  cent, 
of  its  original  woiglit.  In  other  cases,  aflcr  inoculations 
to  which  the  aniuuLl  is  not  susceptible,  rabbits  in  par- 
ticular, if  properly  fed,  will  frequently  gain  steadily  in 


240 


BACTERIOLOOY. 


weight.  The  condition  of  progressive  emaciation  just 
mentioned  is  conspicuously  seen  after  intravenous  iuoc- 
ulution  of  nibliitH  with  cultures  of  bae'dbis  typhi  ab- 
dornmalls  and  of  bacterium  coti  commune,  referred  to 
ID  the  chapter  on  the  latter  organism,  and  if  looked 
for  will  doubtless  be  seen  to  follow  inoculation  with 
other  organisms  capable  of  producing  chronic  forms 
of  infection,  but  which  are  frequently  considered  non- 
pathogenic because  of  their  inability  to  induce  acute 
conditions.  Not  infrequently  in  chronic  iDfe<^^tions  there 
may  be  hardly  any  marked  and  constant  temperatur&- 
variatiuns  until  just  before  death,  when  sometimes  there 
will  be  a.  rise  and  at  other  times  a  fall  of  temperature. 
In  the  majority  of  rases,  however,  one  must  be  very 
cautious  as  to  the  amoimt  of  stress  laid  upon  changes 
in  weight  and  temperature,  for  unless  they  are  progres- 
sive or  continuous  in  one  or  another  direction  they  may 
have  little  or  no  significance  as  indicating  the  existence 
or  absence  of  diseaije. 


CHAPTER    XIII. 


Post-mortem  exnminHtiiin  <•!  aniinalE — Bactcriolugiral  c 
the  tisButa — IMsposal  of  tissuos   and    disinftclirin  of  i: 
after  tbo  eiikm[Dali(iD — Stud;  uf  tissues  unil  tMudatus  during  life. 

During  bacteriological  exaniiiiiition  of  tlic  tiagucs 
of  (lead  aninmb  cr^rtaiii  precaiitiotiH  must  be  rigidly 
observed  in  order  to  arrive  at  porrcet  c-onclusions. 

The  autopsy  should  be  tuaile  an  mkid  as  possible 
after  death.  If  delay  cannot  Ite  avoided,  the  animal 
&liuiild  be  kept  on  ice  until  the  examination  can  be 
made,  otherwise  decom position  sets  in,  and  the  sapro- 
phytic bacteria  now  present  may  interfere  with  the 
accuracy  of  results.  When  the  autopsy  is  to  lie  made 
the  animal  is  first  inspected  externally,  and  all  visible 
lesions  noted.  It  w  thvn  to  i)c  Fixed  upon  it^  back 
upon  a  b<»ard  with  nails  or  tacks.  The  (t>ur  legs  and 
the  entl  of  tlie  nose,  tlirougli  which  the  tacks  are  driven, 
are  t«  be  moderately  extended.  Plates  are  now  to  be 
made  from  the  site  of  inoeulation,  if  this  is  subcuta- 
neous. The  surfaces  of  the  thorax  and  alxlumen  are 
then  to  be  moistened  to  prevent  the  fine  liairs,  dust, 
etc.,  from  floating  about  in  the  air  and  interfering  with 
the  work.  An  incision  is  then  made  through  the  skin 
fnan  the  chin  to  the  symphysis  pubis.  Tliis  is  only 
&  skin  incision,  and  does  not  reach  dec|x'r  than  the 
mnsetcs.  It  is  best  done  by  first  making  with  a  scalpel 
an  incision  Just  large  enough  lo  p<Tmit  of  the  intro- 
duction of  one  blade  uf  a  bluut-pointed  scissors.     It  is 


242  BACTERIOLOGY. 

then  completed  with  the  scissors.  The  whole  of  the 
skin  is  now  to  be  carefully  dissected  away,  not  only 
from  the  abdomen  and  thorax,  but  from  the  axillary, 
inguinal,  and  cervical  regions,  and  the  fore  and  hind 
legs  as  well.  It  is  then  pinned  flat  upon  the  board 
so  as  to  keep  it  as  far  from  the  abdomen  and  thorax  as 
possible,  for  it  is  from  the  skin  that  the  chances  of 
contamination  are  greatest. 

It  now  becomes  necessary  to  proceed  very  carefully. 
All  incisions  from  this  time  on  are  to  be  made  only 
through  surfaces  that  have  been  sterilized.  The  sterili- 
zation is  best  accomplished  by  the  use  of  a  broad-bladed 
table-knife  that  has  been  heated  in  a  gas-flame.  The 
blade,  made  quite  hot,  is  to  be  held  upon  the  region  of 
the  linea  alba  until  the  tissues  of  that  region  begin  to 
bum  ;  it  is  then  held  transversely  to  this  line  over  about 
the  centre  of  the  abdomen,  thus  making  two  sterilized 
tracks,  through  which  the  abdomen  may  be  opened  l)y 
a  crucial  incision.  The  sterilization  thus  accomplished 
is,  of  course,  directed  only  against  organisms  that  may 
have  fallen  upon  the  surface  from  without,  and  there- 
fore it  need  not  extend  deep  down  through  the  tissues. 
In  the  same  way  two  burned  lines  may  be  made  from 
either  extremity  of  the  transverse  line  up  to  the  top  of 
the  thorax. 

With  hot  scissors  the  central  longitudinal  incision 
extending  from  the  point  of  the  sternum  to  the  geni- 
talia is  to  he  made  without  touching  the  internal  vis- 
cera. The  abdominal  wall  must  therefore  be  held  up 
during  the  operation  with  sterilized  forceps  or  hooks. 
The  eross-ineision  is  made  in  the  same  way.  When 
this  is  eompli^ted  an  incision  through  the  ribs  with  a 
pair  of  heavy,  sterilized    scissors    is    made    along    the 
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scorcliwi  tracks  on  cither  side  of  the  thorax.  Aft«r  this 
tlie  whole  ankTior  wall  of  the  thorax  may  easily  be 
lifted  up,  and  by  severing  the  ciinDeetioos  with  the 
diaphragm  it  may  be  completely  removed.  When  this 
\e  done  and  the  abdominal  l^upa  laid  back,  tlic  contents 
of  both  cavities  arc  t«>  l>c  iuupected  and  their  condition 
notod  without  diMtiirhiug  them. 

After  this  the  first  steps  to  be  taken  are  to  prepare 
plates  or  Esmarch  tiibeti  from  the  blood,  liver,  spleen, 
kidneys,  and  any  exudates  that  may  exist.  This  is  best 
done  as  follows :  Hoat  a  scalpel  quite  hot  and  apply  it 
to  a  small  surface  of  the  organ  from  which  cultures  are 
to  be  made.  Hold  it  upon  the  organ  tmtil  the  surface 
directly  beneath  is  vieibly  scorulied.  Tlieu  remove  it, 
heat  it  again,  and  while  quite  hot  insert  its  point  throngh 
the  capsule  of  the  organ.  Into  the  opening  thus  made 
insert  a  sterilized  platinum  loop,  made  of  wire  a  little 
heavier  than  that  commonly  employed.  Project  this 
deeply  into  the  tissues  of  the  organ ;  by  tnnsting  it 
about  enough  material  from  the  centre  of  tlie  organ 
can  be  obtained  for  making  the  cultures. 

As  the  resistance  offered  by  the  tissue  is  sometimes 
too  great  to  permit  of  puncture  with  the  ordinary  wire 
loop,  Niittall '  has  devJseti  for  the  purpose  a  platinum- 
wire  spear  which  possesses  great  advantage  over  the 
loop.  It  has  the  form  seen  in  Fig.  .IS.  It  is  easily 
made  by  heating  a  piece  of  heavy  platinum  wire  into  a 
Bpeiir-head  at  one  end,  and  perforating  this  with  a  small 
drill,  as  seen  in  the  out.  It  is  attached  by  the  other  end 
to  either  a  metal  or  glass  hamlle,  preferably  the  former. 
It  can  readily  he  tlinistinto  tlie  densest  of  the  soft  tissues, 

■  CcDtrallnU  fuc  BaklflriDlogle  nnd  r^nwitoakimde,  1893,  Bd.  xi, 

p.  S3B. 
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anil  liy  twisting  it  about  alUrr  its  introdiiption  particles 
of  the  tissue  Hufficient  for  exaniiaatiuD  are  withdrawn 
iu  the  eye  of  the  Bpear-head. 


Cultures  from  the  blood  are  usually  made  from 
one  of  the  ravitics  of  the  heart,  which  ia  always  pnnct- 
iired  nt  a  jwint  which  haa  been  burned  in  the  way 
given. 

In  addition  to  cultures,  cover-slips  from  the  site  of 
inoculation,  from  each  organ,  and  fnun  any  exudates  that 
may  be  present  must  l>e  made.  These,  however,  are 
prepared  afier  the  materials  for  the  cultures  have  been 
obtained.  They  nee<I  not  be  examined  imme<Iiately, 
but  may  be  placed  aside,  under  cover,  on  bits  of  paper 
upon  whirh  the  name  of  the  organ  from  which  they  were 
prepared  is  written. 

When  the  autopsy  is  complete  and  the  gross  appear- 
ances have  been  carefully  noteil,  small  portions  of  each 
organ  are  to  be  preser\e<i  in  95  per  cent,  alcohol  for 
subsequent  examination.  Throughout  the  entire  au- 
topsy it  munt  be  borne  in  mind  that  all  cultures, 
cover-slips,  and  tissues  must  be  carefully  labelled, 
not  only  with  the  name  of  the  oi^n  from  which 
tliey  originate,  but  with  the  date,  designation  of  the 
animal,  etc.,  so  that  an  account  of  their  condition 
after  closer  study  may  be  subsequently  inscrtwl  in  the 
protocol. 

The  cover-slips  are  now  to  be  stained,  mounted,  and 
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examine*!  raicrosoopically,  aod  tho  results  carofully 
noted. 

The  same  care  with  regard  to  noting,  labelling, 
etc.,  should  be  exercised  in  the  subsequent  study  of 
the  cnltur<?s  and  the  hardened  tisanes,  which  are  to  be 
.•itained  and  subjected  to  inicrosoopic  oxami nation.  The 
results  of  micrascopic  study  of  the  cover-slip  prepara- 
tions and  of  those  obtained  by  cultures  should  in  most 
cases  corresjjond,  though  it  not  rarely  occurs  tliat  bac- 
teria arc  present  in  such  small  numl>er3  in  the  tissues 
that  their  presence  may  be  overlooked  microscopically, 
and  still  they  may  appear  in  the  cultures. 

If  the  autopsy  has  been  performed  in  the  proper 
way,  with  the  precautions  given,  and  sufficiently  soon 
after  death,  the  results  of  the  bacteriok^ical  exami- 
nation shouUI  be  either  negative  or  the  organisms 
which  are  isolated  slionld  l>e  in  pure  cultures.  This  is 
particularly  the  case  with  cultures  made  from  the  inter- 
nal viscera. 

Both  the  cover-slips  and  cultures  made  from  tlie 
point  of  inoculation  are  apt  to  contain  a  vanety  of 
organisms. 

If  the  organism  obtained  in  pure  culture  from  the 
internal  viscera,  or  those  predominating  at  the  point  of 
inoculation  of  the  animal,  have  caused  ita  death,  then 
subsequent  inoculation  of  pure  cultures  of  this  oi^anism 
into  the  tissues  of  a  second  animal  should  produce  sim- 
ilar residts. 

Wlien  the  autopsy  is  quite  finished  the  remains  of 
the  animal  should  be  bumtd;  all  instruments  subjected 
to  either  sterilization  liy  steam  or  boiling  for  fifteen 
minutes  in  a  1  to  2  per  rent,  soda  solution;  and  the 
board  upon  which  the  animal  was  tacked,  as  well  &&  the 
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lacks,  towels,  dishes,  ami  all  otlier  itnplctnpiite  used  at 
the  antoiisy,  be  sterilized  by  steam.  All  cultiiree, 
cover-sIipB,  and,  indeed,  all  articles  likely  to  have 
infectious  material  upon  them,  must  l>e  thoroughly 
sterilized  as  soon  as  they  are  of  no  further  scrWce. 

Wtiat  has  been  said  with  regard  to  the  study  of  dead 
tissues  obtained  at  autopsy  applies  ec|iiiilly  well  to  the 
baeteriologit^l  study  of  tissues  and  exudates  olttaiued 
during  Hfe.  In  the  latter  ca&c,  however,  certain  pre- 
cautions arc  always  to  be  oh6cr\'cd.  In  the  first  place, 
it  is  desirable  to  obtain  the  materials  under  aseptic  pre- 
cautions, care  being  taken  tliat  no  disinfectant  fluids 
are  mixed  with  them.  They  should  be  Bubjected  tv 
study  as  won  as  possible  after  removal  from  the  body. 
In  the  case  of  tissues  that  cannot  be  examined  on  the 
spot,  they  should  be  place<i  in  a  sterile  Petri  dish  or 
in  a  8tuppcre<l,  sterile,  wide-mouthed  bottle  and  taken 
at  once  to  the  laboratory.  The  surface  should  then  lie 
seared  with  a  hot  knife  and  an  incision  tlirough  the 
seared  area  into  the  centre  made  with  a  knife  that  has 
been  sterilised  and  allowed  to  cool.  From  the  depths 
of  this  incision  enough  material  may  be  obtained  for 
microscopic  exaniination  and  for  the  preparation  of 
cultures.  Fluid  exudates  that  must  be  taken  to  the 
lalmratory  should  be  collected  in  either  a  sterile  test- 
tube,  or,  better,  in  a  sterile  capillary  tube  that  is 
subsequently  scaled  at  Ixith  ends  in  a  gas-flaroe. 
When  bacteriological  examination  of  the  bloo<l  dur- 
ing life  is  required,  it  is  customary  to  obtain  the  neceft- 
sary  sample  of  blixHl  by  pricking  the  skin.  It  must 
be  remembered,  in  this  connection,  that  the  skin 
illy  contains  a   number  of  species   of  bacteria    that 
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are  of  no  pntliologioal  significftnce  and  have  nothing 
to  do  with  the  disease  from  which  the  individual 
may  be  suffering.  It  is  manifestly  essential  to  ex- 
clude these.  It  is  not  possible  to  exclude  them  cer- 
tainly and  completely  under  all  ci re um stances,  without 
a  more  or  less  elalwratc  procedure ;  but  an  effort  to  do 
so  shoulii  always  be  made.  Aa  a  rule,  the  greater  num- 
ber of  tlieni  may  be  removed  from  the  skin  by  careful 
washing  with  warm  wuk-r  and  soap  and  a  sterile  brush, 
arter  which  tlie  skin  eliuuld  be  rinsed  with  alcohol  and 
allowed  t*»  dry  spontaneously.  The  drop  of  blood  may 
tlicn  be  obtained  from  the  skin  thus  cleaned  by  a  prick 
with  a  sharp,  sterilized  lancet.  The  presence"  in  the 
culturea  of  a  atiipliylocofcua,  growing  slowly,  with 
white  colonies,  is  a  fre<|ucnt  experience,  and  does  not 
necessarily  imply  that  this  organism  bears  an  etiological 
relation  to  the  disease  from  which  tlie  individual  may  be 
suffering  (see  slaphi/lococcMn  epUlcnnidis  albiu,  page  268). 
In  the  study  of  many  of  tlie  common  diseases, 
notably  the  exanthemata,  both  at  autopsy  and  during 
life,  by  the  methods  above  outlined,  the  investigation 
oft*n  yields  negative  results,  and  yet  there  is  every 
reason  for  believing  these  diaeases  to  be  dependent  for 
their  existence  iipon  invasion  of  the  body  by  some  form 
or  another  of  living  micro-oi^inisms,  capable  of  growth 
in  the  tissues  and  susceptible  of  bfing  transmitted  from 
individual  to  individual,  either  directly  or  indirectly. 
In  this  connection  it  is  appropriate  to  call  attention 
to  the  novel  and  important  tcohnieal  priK-wlurcs  that 
have  been  employed  by  Nocard  and  Ronx '  in  their 
ihvestigations  conducted  in  the  Pasteur  Institute  at 
Paris.     In  tlie  course  of  their  studies  upon  the  pleuro- 

*  Nocard  and  Itonx  :  Aimulcs  de  I'lnBtitut  Pasteur,  April  IS,  1898. 
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pneumonia  of  cattle,  a  disease  in  which  all  investigators 
had  hitherto  failed  to  detect  by  either  microscopic  or 
culture-methods  any  species  of  bacteria  that  might 
reasonably  be  regarded  as  etiological ly  related  to  the 
disease,  they  detected  a  group  of  bodies,  apparently 
bacteria,  of  such  infinitesimally  small  dimensions  as 
entirely  to  e8cai)e  detection  by  the  usual  methods  of 
examination. 

The  results  of  Nocard  and  Roux  were  obtained  both 
through  the  adoption  of  si>ecial  methods  of  cultivation 
and  the  use  of  very  high  amplifying  powers  for  micro- 
scopic examination.  The  method  of  cultivation  was  that 
suggested  in  1896  by  Metchnikoff,  Roux,  and  Salimbeni,^ 
and  is  essentially  as  follows :  very  thin-walled,  small 
sacs  of  collcKlion  are  sterilized  by  steam,  filled  with 
bouillon,  incKHilated  with  the  exudate  or  tissue  to  be 
tested,  sealed  with  sterile  collodion,  and  placed  in  the 
abdominal  cavity  of  an  animal  —  rabbit,  guinea-pig, 
chicken,  dog,  sheep,  or  calf,  as  the  case  may  require. 
The  wall  of  the  collodion  sac  is  impermeable  to  bac- 
teria or  to  leucocytes,  but  is  an  osmotic  membrane 
through  which  fluids  and  some  of  their  dissolved 
contents  readily  diffuse.  This  diffusion  supplies  the 
bacteria  within  the  sacs  with  such  matters  from  the 
living  fluids  of  the  animal  as  are  apparently  essential  to 
their  development,  while  at  the  same  time  the  bacteria 
develop  uninterrupt^'dly,  being  protxH^ted  by  the  collodion 
membrane  from  th(»  antagonistic  action  of  the  fixed  and 
wandering  cells  of  the  tissues.  After  a  period  of  fn)m  a 
few  days  to  several  months  the  animal  is  sacrifi(»ed,  and 
the  sac  removed  from  the  peritoneal  cavity  and  its  con- 

*  Metchnikoff,  Koux,  tiud  Salimbeni:  Annales  dc  I'lnstitut  Pasteur, 
1896,  p.  257. 
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tents  subjected  to  microscopic  examination.  This  latter 
part  of  tlie  work  was  nnsjitisfactory  when  conducted  with 
the  usual  combinations  of  lenses  employed  in  bacterio- 
logical work.  Satisfactory  examinations  could  only  be 
made  by  the  use  of  very  high  magnifying  powers,  about 
2000  diameters,  and  unusually  brilliant  illumination. 
When  conducted  under  these  conditions  the  sacs  inoc- 
ulated with  matters  from  the  pulmonary  exudates  of 
pleuro-pneumonia  were  found  to  contain  numerous  mo- 
tile points  or  dots  of  such  extremely  small  size  that  it 
was  often  impossible  to  decide  as  to  their  exact  form. 
Control-sacs  not  inoculated,  but  kept  in  the  peritoneal 
cavity  of  the  same  canal,  manifestly  under  similar  con- 
ditions, did  not  reveal  the  presence  of  the  minute  bodies. 

In  referring  at  length  to  this  investigation  it  is  not 
my  purpose  to  discuss  the  object  of  it,  but  only  to 
direct  attention  to  this  novel  technique,  w^hich  seems 
capable  of  much  wider  application.  There  is  a  group 
of  common  maladies,  such  as  measles,  scarlet  fever, 
smallpox,  etc.,  of  the  etiology  of  which  we  know  noth- 
ing, and  on  which  it  has  hitherto  l)een  impossible 
to  shed  importiint  light  by  the  usual  bacteriological 
procedures.  Nocard  and  Roux  have  apparently  re- 
vealed to  us  a  world  of  micro-organisms  whose  existence 
has  hitherto  been  unsuspected,  and  it  is  not  unreason- 
able to  suppose  that  it  is  among  this  group  that  we  are 
to  seek  for  the  causative  agents  of  many  specific  dis- 
eases whose  etiology  is  as  yet  obscure.* 

It  is  proper  also  to  call  attention  to  the  work  of 
Adami  upon  progressive  portiil  cirrhosis,  in  which  he 
too,  through  the  use  of  very  high  magnifying  lenses, 

*  An  excellent   review  of  the  paper  of  Nocarrl  and  Roux  is  to  be 
found  in  the  Philadelphia  Medical  Journal  of  Juno  11,  1898. 
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has  found  an  infinitcsimally  small  micro-organism  in 
Pictou  cattle-disease,  "the  main  feature  of  which  is 
extensive  cirrhosis  of  the  liver  accompanied  by  swelling 
of  the  periportal  and  retroperitoneal  lymph-glands.  In 
a  certain  number  of  cases  of  hepatic  cirrhosis  of  human 
beings  Adami  further  believes  that  he  has  found  a  very 
minute  micro-organism  that  may  possibly  stand  in  causal 
relation  to  the  process.* 

^  Adami :  Montreal  Medical  Journal,  July,  1898. 
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APPLICATION    OF  THE   METHODS   OF 

BACTERIOLOGY. 


CHAPTER    XIV. 

To  obtain  material  with  which  to  begin  work. 

Expose  to  the  air  of  an  inliabited  room  a  slice  of 
freshly  steamed  potato  or  a  bit  of  slightly  moistened 
bread  upon  a  plate  for  about  one  hour.  Then  cover  it 
with  an  ordinary  water-glass,  place  it  in  a  warm  spot 
(temperature  not  to  exceed  that  of  the  human  body 
— 37.5^  C),  and  allow  it  to  remain  undisturbed.  In 
from  twenty-four  to  thirty-six  hours  there  will  be  seen 
upon  the  cut  surface  of  the  bread  or  potato  small, 
round,  oval,  or  irregularly  round  patches  which  present 
various  appearances.  These  differences  in  macroscopic 
appearance  are  due  in  some  cases  to  the  presence  or 
absence  of  color;  in  others  to  a  higher  or  lower 
degree  of  moisture ;  in  some  instances  a  patch  will  be 
glistening  and  smooth,  while  its  neighbor  may  be  dull 
and  rough  or  wrinkled ;  here  will  appear  an  island 
regularly  round  in  outline,  and  there  an  area  of 
irregular,  ragged  deposit.  All  these  gross  appear- 
ances are  of  value  in  aiding  us  to  distinguish  between 
these  colonies — for  colonies  they  are,  and  under  the 
same  conditions  the  organisms  composing  each  of  them 
will  always  produce  growth  of  exactly  the  same  ap- 
pearance.     It  was  just  such  an  experiment  as  this, 
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accidentally  ix^rforracd,  that  suggested  to  Koch  a  means 
of  separating  and  isolating  in  pure  cultures  the  dora- 
ponent  individuals  from  mixtures  of  bacteria,  and  it 
was  fix)m  this  observation  that  the  methods  of  cultiva- 
tion on  solid  media  were  evolved. 

If,  without  molesting  these  objects,  we  continue  the 
observations  from  day  to  day,  we  shall  notice  changes 
in  the  colonies,  due  to  the  growth  and  multiplication  of 
the  individuals  composing  them.  In  s<jme  cjises  the 
colonies  will  always  retain  their  sharply  cut,  round,  or 
oval  outline,  and  will  increase  but  little  in  size  beyond 
that  reached  after  forty-eight  to  seventy-two  hours; 
whereas  others  will  spread  rapidly  and  quickly  overrun 
the  surface  upon  which  they  are  growing,  and,  indeed, 
grow  over  the  smaller,  less  nipidly  developing  colonies. 
In  a  number  of  instances,  if  the  observation  be  con- 
tinued long  enough,  many  of  these  rapidly  growing 
colonies  will,  after  a  time,  lose  their  lustrous  and  sm(X)th 
or  regular  surface  and  will  show  here  and  there  eleva- 
tions, which  will  continue  to  apjx'ar  until  the  whole 
surface  takes  on  a  wrinkled  appearance.  Again,  bub- 
bles may  be  seen  scattered  through  the  colonies.  These 
are  due  to  the  escape  of  gas  resulting  from  fermentation, 
which  the  organisms  bring  al)out  in  the  medium  upon 
which  they  are  growing.  Sometimes  peculiar  odors  due 
to  the  same  cause  will  be  noticed. 

Note  carefully  all  these  chang(\s  and  appearances,  as 
they  must  be  employed  subsecjuently  in  identilying  the 
individual  organisms  from  which  each  colony  on  the 
medium  has  developed. 

If  now  we  <»xainine  these  colonies  upon  the  brea<l  or 
potato  with  Ji  liaiid-leiis  ()!'  low  nia^nnfvin^  power,  we 
will   be  enabled  to  detect  differences  not  noticeable  to 
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the  naked  eye.  In  a  few  cases  we  may  still  see  nothing 
more  than  a  smooth,  non-characteristic  surface ;  while 
in  others  minute,  sometimes  regularly  arranged  tiny 
corrugations  may  be  observed.  In  one  colony  they  may 
appear  as  tolerably  regular  lines,  radiating  from  a  cen- 
tral spot;  and  again  they  may  appear  as  concentric 
rings;  and  if  by  the  methoils  which  have  been  de- 
scribed we  obtain  from  these  colonies  their  individual 
components  in  pure  culture,  we  shall  see  that  this 
characteristic  arrangement  in  folds,  radii,  or  concentric 
rings,  or  the  production  of  color,  is  constant  under 
normal  conditions.  • 

So  much  for  the  simplest  nakod-eye  experiment  that 
can  be  made  in  l)acteriology,  and  which  serves  to  furnish 
the  beginner  with  material  upon  which  to  commence 
his  studies.  It  is  not  necessary  at  this  time  for  him  to 
burden  his  mind  with  names  for  these  organisms ;  it  is 
sufficient  for  him  to  recogni/.e  that  they  are  mostly  of 
different  species  and  that  they  possess  characteristics 
which  will  enable  him  to  differentiate  the  one  from  the 
other. 

In  order  now  for  him  to  proceed  it  is  necessiiry  that 
he  should  have  familiarized  himself  w^ith  the  methods 
by  whi(;h  his  m(»dia  are  pn^pared  and  the  means  em- 
ployed in  stabilizing  them  and  retaining  them  sterile — 
i,  r.,  of  preventing  the  access  of  foreign  g(^rms  from 
without — otherwise  his  (efforts  to  obtain  and  retain  his 
orgtmisms  as  pure  (uiltures  will  be  in  vain. 

Kxi>()SURK  AM)  (Contact. — Make  a  number  of  plates 
from  bits  of  silk  used  for  sutures,  afler  treating  them 
as  follows : 

Phiee  some  of  the  pieces  (about  5  centimetres  long) 
in  a  sterilized  test-tube,  and  sterilize  them  by  steam 
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for  ouo  hour.  At  the  end  of  the  8terilization  remove 
one  piece  with  sterilized  forceps  and  allow  it  to  brush 
against  your  clothing,  then  make  a  plate  from  it ;  draw 
another  piece  across  a  table  and  then  plutc  it.  Sus- 
{tend  tlu-ec  or  four  pieces  upon  a  sterilized  wire  hook 
and  let  them  hang  for  twenty  minutes  free  in  the  air, 
being  stire  tliat  they  touch  nothing  but  the  hook ;  then 
plate  them  aeparati'ly. 

Note  the  results. 

In  what  way  do  these  esjwrimcnts  differ  and  how 
can  the  diflerenees  be  explained? 

Expose  to  the  air  six  Petri  dishes  into  which  either 
sterilized  gelutin  or  agar-agar  has  been  poured  and 
allowed  to  solidify  ;  allow  them  to  remain  exposed  for 
five,  ten,  fifteen,  twenty,  twenty-five,  and  thirty  min- 
utes in  a  room  where  no  one  is  at  work.  Treat  s  sec- 
ond flet  in  the  same  way  In  a  room  where  several  persons 
are  moving  about.  Be  eareful  that  nothing  touches 
them  imd  that  they  are  exjwsed  only  to  the  air.  Bach 
dish  must  be  carefully  labelled  with  the  time  of  its 
exposure. 

Do  they  present  different  results?  What  is  the  rea- 
son for  this  difference? 

Which    predominate — colonies   resulting   from     the- 1 
growth  of  bacteria,  or  those  from  common  moulds? 

How  do  you  account  for  this  condition  ? 

Sprinkle  a  little  fine  dust  over  the  surface  of  a  plate 
of  sterile  gelatin  or  agar-agar ;  examine  the  dust-par- 
ticles with  the  mierosciipe  immediately  after  depositing 
them  on  the  medium,  and  again  after  eighteen  to  twenty- 
four  hours.     What  differences  do  you  detect? 
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CHAPTER  XV. 

Various  experiments  in  sterilization  by  steam  and  by  hot  air. 

Place  in  one  of  the  openings  in  the  cover  of  the 
steam  sterilizer  an  accurate  thermometer;  when  the 
steam  has  been  streaming  for  a  minute  or  two  the  ther- 
mometer will  register  100°  C.  Wrap  in  a  bundle  of 
towels  or  rags  or  pack  tightly  in  cotton  a  maximum 
(self-registering)  thermometer ;  let  this  thermometer  be 
in  the  centre  of  a  bundle  large  enough  to  quite  fill  the 
chamber  of  the  sterilizer.  At  the  end  of  a  few  minutes^ 
exposure  to  the  streaming  steam  remove  it ;  it  will  be 
found  to  indicate  a  temperature  of  100°  C. 

Closer  study  of  the  penetration  of  steam  has  taught 
us,  however,  that  the  temperature  found  at  the  centre 
of  such  a  mass  may  sometimes  be  that  of  the  air  in  the 
meshes  of  the  material,  and  not  that  of  steam,  and  for 
this  reason  the  sterilization  at  that  point  may  not  be 
complete,  l)ecause  hot  air  at  100°  C.  has  not  the  ster- 
ilizing properties  that  steam  has  at  tlie  same  temperature. 
It  is  necessary,  therefore,  that  this  air  should  be  ex- 
pelled from  the  meshes  of  tlu*  material  and  its  place 
taken  by  the  steam  before  sterilization  is  complete.  This 
is  insured  by  allowing  the  steam  to  stream  through  the 
substances  a  few  minutes  befon^  beginning  to  calculate 
the  time  of  exposure.  There  is  as  yet  no  absolutely 
sure  means  of  saying  that  the  temj)erature  at  the  centre 
of  the  mass  is  that  of  hot  air  or  of  steam,  so  that  the 
exact  length  of  time  that  is  required  for  the  expulsion 
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of  the  air  from  the  meshes  of  the  material  cannot  be 
given. 

Determine  if  the  maximum  thermometer  indicates  a 
temperature  of  100^  C.  at  the  centre  of  a  moist  bundle 
in  the  same  way  as  when  a  dry  bundle  was  employed. 

To  about  50  c.c.  of  bouillon  add  about  1  gramme 
of  chopped  hay,  and  allow  it  to  stand  in  a  warm  place 
for  twenty-four  hours.  At  the  end  of  this  time  it  will 
be  found  to  contain  a  great  variety  of  organisms.  Con- 
tinue the  observation,  and  ultimately  a  pellicle  will  be 
seen  to  form  on  the  surface  of  the  fluid.  This  pellicle 
is  made  up  of  rods  which  grow  as  long  threads  in 
parallel  strands.  In  many  of  these  rods  glistening 
spores  will  be  seen.  After  thoroughly  shaking,  filter 
the  mass  through  a  fine  cloth  to  remove  coarser  parti- 
cles. 

Pour  into  each  of  several  test-tubes  about  10  c.c.  of 
the  filtrate.  Allow  one  tulx'  to  remain  undisturbed  in  a 
warm  place.  Place  another  in  the  steam  sterilizer  for 
five  minutes  ;  a  third  for  ten  minutes ;  a  fourth  for  one- 
half  hour ;  a  fifth  for  one  hour. 

At  the  en<l  of  (»a('li  of  tliese  exposures  inoculate  a 
tube  of  sterilized  bouillon  from  each  tube.  Likewise 
make  a  set  of  j)lat<»s  or  Esmarch  tubes  upon  both  gel- 
atin and  ag:ir-a<rJ»r  from  f'acli  tube,  an<l  note  the  results. 
At  the  sjunc?  time  pre|>are  a  ^^vi  of  j)lates  or  Esmarch 
tubes  on  a<rar-airar  and  on  <r<'latin  from  the  tube  which 
has  not  been  exposed  to  the  action  of  the  steam. 

The  ])lates  or  tnhes  from  the  unmolested  tube  will 
j)resent  eoh)ni<'<  of  a  vari<'ty  of  oriranisms  ;  separate  and 
study  these. 

Those  from   the   tuhe  which    has  been   sterilized   for 
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five  minutes  will  present  colonies*  in  mmieratp  nuinlxTs; 
but,  OlA  a  rule,  tlioy  will  rcpi-cflcnt  but  a  single  organ- 
ism.    Study  this  organism  in  pure  cultures. 

The  same  may  Im  predicted  for  the  tube  which  has 
been  heated  for  ten  minutes,  though  the  colonics  will  be 
fewer  in  number. 

The  thirty-minute  tube  may  or  may  not  give  one  or 
two  colonies  of  the  same  org-anism. 

Tlie  tube  which  lias  been  heated  for  one  hour  is 
usually  sterile. 

The  bouillon  tube'i  from  the  first  an*]  secontf  tubes 
which  were  heated  uill  Ui^ually  hliow  the  presence  of 
only  one  organism — tlit  batillus  which  gave  rise  to  the 
pellicle-formation  in  the  origmal  mixture.  This  organ- 
ism is  bafril/iui  mihti/ts  It  is  L'lpeelally  adapted  to  the 
study  of  those  various  (lpgn.»5  ol  resistance  to  heat  that 
spore-form iiig  bacteria  exhibit  at  different  stages  of  their 
development. 

Inoculate  about  100  c.c.  of  sti-rilized  bouillon  with 
a  very  small  quantity  of  a  pure  culture  of  this  orgauism, 
and  allow  it  to  stand  in  a  warm  place  f<>r  about  six 
hours.  Now  subject  this  culture  to  the  action  nf  steam 
for  five  minutes ;  it  will  be  seen  ihat  sterilization,  as  a 
rule,  is  complete. 

Treat  in  the  same  way  a  second  flask  of  bouillon, 
inoculated  in  the  same  way  with  the  same  oi^nisni, 
but  after  liaving  stood  in  a  warm  place  for  from  forty- 
eight  to  seventy-t\vo  hours — that  is,  until  spores  have 
formed — and  it  will  he  found  that  sterilization  is  not 
complete  ;  the  sjiores  of  this  organism  have  resisted  tlie 
action  of  steam  for  five  minutca. 

To  determine  if  sterilization  is  complete  always  resort 
to  the  culture  methods,  as  the  macroscopic  and  micro- 
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stiopic  methods  are  deceptive;  cloudiness  of  the  media 
or  the  presence  of  bacteria  microscopically  does  not 
always  signify  that  the  organisms  possess  the  property 
of  life. 

Inoculate  in  the  same  way  a  third  flask  of  bouillon 
with  a  twy  sntaff  drop  from  one  of  the  old  cultun^»  upon 
which  the  pellicle  has  formed  ;  mix  it  well  and  subject 
it  to  the  action  of  steam  for  tioo  minutes ;  then  place  it 
to  one  side  for  from  twenty  to  twenty-four  hours,  and 
again  heat  for  two  minutes ;  allow  it  to  stand  for  another 
twentj'-four  hours,  and  repiat  the  process  on  the  third 
day.  No  i>ellicle  will  lie  forniwl,  and  yet  spores  were 
present  in  the  original  mixture,  anil,  as  we  have  seen, 
the  spores  of  this  organism  are  not  killed  by  an  exposure 
of  five  minutes  to  steam.  How  cau  this  result  be  aft- 
counted  for? 

Saturate  several  pieces  of  cotton  thread,  each  about  2 
em.  long,  in  the  original  deeoniposcti  iHiiiillon,  and  dry 
them  carefully  at  the  ordinary  temperature  of  the  room ; 
then  at  a  little  higher  temperature — about  40"  C. — to 
complete  the  process.     Regulate  the  temperature  of  the 
hot-^ir  sterilizer  for  almut  100°  C,  and  subject  several 
piecf^s  of  this  infeetod  and  drie<l  thread  to  this  temper- 
ature for  the  same  lengths  of  time  that  we  exposed  the 
same  organisms  in  bouillon  to  the  steam,  viz.,  five,  ten,  j 
thirty,  an<l  sixty  minutes.     At  the  end  of  each  of  thesO'l 
periods  remove  a  bit  of  thread,  and  prepare  u  set  <^  f 
plates  or  Esmarch  tubes  from  it.     Are  the  results  anal-4 
ogoQs  to  those  obtaine<l  when  steam  was  employe*!? 

Increase   the  temperature  of  the  dry  sterilizer  and* 
repeat   the   process.     Determine   the  temperature   and 
time  necessary  for  the  destrnction  of  these  orgimlsms 
by  dry  beat.      These   threads  should  not  be  simply 
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laid  upon  tlie  bottom  of  the  sterilizer,  but  should  be 
suspeD<lcd  from  a  glass  rod,  whieh  may  be  placed  inside 
the  oven,  extending  aeroBS  its  top  from  side  to  side. 

Place  several  of  the  infected  threads  in  tlie  centre  of 
a  bundle  of  rags.  Subject  this  to  a  tomporature  neces- 
sary to  sterilize  the  threa<ls  by  the  dry  method.  Treat 
another  similar  bundle  to  sterilization  by  steam.  In 
what  way  do  the  results  of  the  two  processes  diflFer? 


CHAPTER    XVI. 

SuppuraUon— The  ataphyloouccun  pfogenoa  aaraug— StAphyloeoeena 
pyogenca  allius  and  citrous— Sticpt««occii9  pyogeneti — Slaphylo- 
coGcos  epIdenDidisHlbus — BacilluH  pyocfaneng—OcDoml  reuwrki. 

STAPHS' L«>C"OfCC8    PY<HJESFB   AUREUS. 

Pbepabu  a  set  of  platfs  of  ag&r-agar  from  the  pUB 
of  an  acute  abscess  or  boil  that  has  been  opened  under 
aiitim-ptic  precautions.  Care  muist  be  taken  tbat  none 
of  tlie  antiseptic  used  gains  access  to  the  cultiire-tul)es, 
otherwise  it»  antiseptic  ciTect  may  ha  operative  and  tlie 
development  of  the  organisms  interfered  witli.  It  is 
bfist,  therefore,  to  take  a  drop  of  the  pus  npon  a  plati- 
num-wire loop  after  it  has  been  flowing  for  a  few  sec- 
onds; even  then  it  mn»t  be  taken  from  the  month  of 
the  incision  and  before  it  Iuuh  nm  over  the  surface  of  the 
shin,  At  the  same  time  prejiare  two  or  three  cover- 
alipa  from  the  pus. 

Microscopic  examination  of  these  slips  will  reveal  the 
presence  of  a  lai^  numl>er  of  pus-cells,  both  multi- 
nucleated and  with  horseslioe-shaped  nuclei,  some 
threads  of  disintegrated  and  necrotic  connective  tissue, 
and,  lying  here  and  there  throughout  the  prepamtion, 
small  round  bodies  whicli  will  sometimes  appear  singly, 
sometimes  in  pnirs,  and  fretjuently  will  l)e  seen  grouped 
together  somewhat  like  clusters  of  grapes.  (See  Fig. 
.54.)  They  stain  readily  and  are  commonly  located  in 
the  material  between  the  pus-cells;  very  rarely  they 
may  be  seen   in   the   protoplasmic  body  of  the  cell. 
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(Compare  Xhv  preparation  with  a  Bimilar  one  niailc 
t'niin  tito  pns  of  gonorrhea.  (See  Fig.  57.)  In  wliat 
way  do  the  two  prt'])arations  differ,  the  one  from  the 
other?) 
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n^iMAlioii  from  pna,  ghowlng  pus-cells.  A,  snd  (Uphylooocct,  G 


After  twcnty-fonr  hours  in  the  incubabtr  the  plates 
will  I)e  seen  to  be  stiuUlecl  here  and  there  with  yelli 
or  orange-colored  eoloniea,  which  are  nsiially  round, 
moist,  and  glistening  in  their  naked-eye  appearances. 
When  located  In  the  depths  of  the  medium  they  are 
commonly  seen  to  he  lozenge  or  whetstone  in  shape, 
while  often  they  appear  as  irregidar  stars  with  blunt 
points,  and  again  as  irregularly  lobulated  dense  masses. 
In  structure  they  are  conspicuous  for  their  density. 
Under  the  low  objective  they  appear,  when  on  the  sur- 
face, as  coarsely  granular,  irregularly  round  patches, 
with  more  or  less  ra^od  bonlers  and  a  dark  irregular 
central  mass,  which  has  somewhat  the  appenmnce  of 
masses  of  coarser  clumps  of  the  same  material  aa  tliat 
composing  the  rest  of  tlie  eolony.  Microscopically, 
these  coloiiieij  arc  compijsed  of  small  round  cells,  irreg- 
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ularly  grouped  tngotlicr.  They  are  in  every  way  of 
the  same  ap|K.'amDee  as  tliosc  seen  upon  the  original 
cover-slip  prciwratioii. 

Prepare  from  one  of  fliesc  colonies  a  pure  stab-culture 
in  gelatin.  After  thirty-six  to  forty-eiglit  hours  lique- 
faction of  the  gelatin  along  ttic  track  of  the  needle, 
most  conspicuous  at  its  upper  end,  will  he  ohservfKl. 
As  growth  continues  the  liquefied  jK>rtion  l>ceonies  more 
or  less  of  u  stocking-shape,  and  gradually  widtuis  nt  its 
upper  end  into  an  irregular  funnel.  This  will  continue 
until  the  whole  of  the  gelatin  in  the  tube  eventually 
becomes  fluid.  There  can  always  be  noticed  at  the 
bottom  of  the  liquefying  [Kirtion  an  (inmge-o«ilor('<l  or 
yellow  mass  comi)oso<l  of  a  number  ni'  the  organisms 
which  have  sunk  to  the  Imttom  of  the  fluid. 

On  potato  the  growth  is  <juite  luxuriant,  apiu'iiring  as 
a  brilliant, ■  orange-eolorcil  layer,  wunewliat  lolmlnted 
and  a  little  less  moist  than  when  growing  upon  iigjir- 
i^r. 

It  does  not  pnxluee  fermentation  with  f;as-|)ro<luetion. 

It  belongs  to  the  group  of  faeultative  ai'i'iibcH. 

In  milk  it  rapidly  brings  about  cfKigulation  with  a<id 
reaction. 

It  is  not  motile,  and  being  of  the  family  of  mieni- 
cocci  dws  not  form  endogenous  s]M)res.  It  jmssissis, 
however,  a  marked  n'sistanco  to  dctriiiienta!  agencies. 

In  bouillon  it  causes  a  diffuse  elotiiling,  and  after  a 
time  presents  a  yeUow  sedimentation. 

This  organism  is  the  commonest  of  tli<>  patliogenie 
liacteria  with  which  we  shall  meet.  It  Is  xlaphijlo- 
cmriiM  p)p)ffnii-ii  (iiiraiit,  and  is  the  orgnnisni  must  fre- 
quently coneerneil  in  the  pnMluetioii  of  acute,  eirciim- 
Hcribeil,  suppurative  inflamnuitious.     It  is  almost  everj-- 
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ilint   is  of  con- 


i;iiiiialr<  a  number 
Ijili;  it  is  tlie  etio- 

-il  of  the  suppu- 

■i!i  IK.  little  difficulty 
liii''(!  In  lower  ani- 
on i[it<i  thi'ir  tiHsuea 
.'Million,  am!  when  it 
II'   ■  iiinciilent  interfer- 
■  ■'!i  ifi'iii  fit"  tliepe  tissues 
■  -i-t  ils  inroads.  When 
■  II,,  (■;i\iiif.s  of  the  lower 
■-•'  not  always  followed  by 
iH«n,     If   the   al>domiQal 
lie  isirefully  opened  ho  as 
I-  [lOHeible,  and  no  injury  be 
■   i|iiiintitie8  of  bouillon  cult- 
•  <['  this  or|>anisin  may  Ik, 
(niilaeed  into  the  peritoneum 
iM  ihe  animal.     On  the  eon- 
hieh  acts  as  a  direct  irritant 
A,  for  example,  as  a  small  bit  of 
ptiie  organisms  are  growing — be  at 
laoeil,  or  the  intestines  be  mechani- 
i  there  is  a  disturbance  in  their  cir- 
p  introduetiou  of  these  organisms  is 
J  by  acute  and  fatal  peritonitis.    (Hal- 
id,  the  results  which  follow  their  in- 
)  tbe  circulation  arc  practically  constant. 
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If  one  injwt  into  the  circulation  of  the  rabbit  through 
u  vein  of  tbf:  car,  or  in  any  other  way,  fnim  0.1  to 
0.3  c.c.  of  a  bouillon  eultiinL'  or  wat<?rj'  Biispen»on  of 
a  virulent  variety  of  this  oi^nisra,  a  fatal  pyseniia 
always  follows  in  from  two  and  une-hulf  to  three  days. 
A  few  houn$  before  deatti  the  animal  is  frequently  seen 
to  have  severe  convulsions.  Now  and  then  excessive 
secretion  of  urine  is  noticed.  The  animal  may  appear 
in  moderately  good  condition  until  from  eight  to  ten 
hours  before  death.  At  the  autopsy  a  lypical  picture 
presents :  the  voluntaty  muscles  are  seen  to  be  marked 
here  anil  there  by  yellow  spots,  which  average  the  size 
of  a  fiaxsecd,  and  arc  of  about  the  same  shape.  They 
lie  usually  with  their  lon^  axis  running  longitudinally 
between  the  musch'-6bres.  As  the  alxloroinal  and  tho- 
racic cavities  are  ojH-ned  the  diaphragm  Is  often  seen  to 
be  studded  with  them.  Fn-qnitntly  the  pericardial  sao 
is  distended  with  a  clear  gelatinous  6uid,  n»d  almost 
constantly  tlie  yellow  points  are  seen  in  the  myocar- 
dium. The  kidneys  are  rarely  without  them ;  here 
they  appear  on  the  surface  as  isolated  yellow  points, 
or,  again,  are  seen  as  conglomerate  masses  of  small 
yellow  points  which  occupy,  as  a  rule,  the  area  fed 
by  a  single  vessel.  If  one  makes  a  section  into  one 
of  these  yellow  points,  it  will  bo  seen  to  extend  deep 
down  through  the  substance  of  the  kidney  as  a  yellow, 
wedge-shap*Kl  ma.ss,  the  base  of  the  wedge  being  at  the  1 
surface  of  the  oipin. 

It  is  verj'  rare  that  these  abscesses — for  abscesses  the- 
yellow  points  are,  as  we  shall  see  when  we  come  to  study 
them  more  closely — are  found  either  in  the  liver,  spleen, . ' 
or  brain  ;  their  usual  location  l>eing,  as  said,  in  the  kid- 
ney, myocardium,  and  voluntary  muscles. 
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These  minute  abscesses  contain  a  dry,  cheesy,  ntH^rotic 
centre,  in  winch  the  staphylococci  are  present  in  large 
nmul>er»,  as  may  lie  seen  upon  cover-slips  prepared  from 
them.  Tiiis  organism  may  also  be  olitained  in  pure 
culture  I'rom  tliese  suppurating  foci. 

Preserve  in  Miilier's  fluid  and  in  alcohol  duplicate 
bits  of  all  the  tisHUcs  in  which  the  abscesses  are  locate. 
When  these  tissues  are  hard  enough  to  cut  sections 
should  Im)  made  tiirough  the  absces(>-poiiits  and  the  hig- 
tological  changes  carefully  Htudie<I. 

Microscopic  Study  of  Cover-blips  and  Secfions. 
— In  cover-slip  preparations  this  organism  stains  readily 
witli  the  ordinary  dyes.  In  tissues,  however,  it  is  best 
to  employ  gome  method  by  nieapu  of  whieli  contrast- 
atains  may  be  utilized,  and  the  lotation  and  grouping  of 
the  oi^nisnm  in  the  tissues  rendered  more  conspicuous. 
When  stained,  sections  of  tissues  containing  these  small 
abscpssea  present  the  following  apiieurances : 

To  the  naked  eye  will  be  seen  here  and  there  in  the 
section,  if  the  abscesses  are  very  numerous,  small,  darkly 
stained  areas  which  range  in  size  from  that  of  a  pin- 
point up  to  those  having  a  diameter  of  from  1  to  2  mm. 
These  points,  when  in  the  kidney,  may  be  round  or  oval 
in  outline  ;  or  may  appear  wetlge-shnped,  with  the  base 
of  the  wedge  towani  the  surface  of  the  organ.  The 
differences  in  shape  depend  frequently  npon  the  direction 
in  which  the  section  has  been  made  through  the  kidney. 
In  the  muscles  they  are  irregularly  round  or  oval. 

When  quite  small  they  appear,  in  stained  sections,  to 
the  naked  eye,  as  simple,  round  or  oval,  darkly  stained 
points ;  but  when  they  are  in  a  more  advanced  stage  a 
pale  centre  can  unually  l>e  made  out. 

When  magnitie<I  they  appear  in  the  earliest  stages  as 
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uiiuute  aggregations  <if  small  colls,  the  niielei  of  wliicb 
stain  intensi'ly.  Almost  always  evidences  of  prtgreas- 
ing  necrosis  eau  be  seen  alwut  the  centre  of  these  eell- 
accumiiktions.  The  normal  atructure  of  the  celb  of 
the  tissues  ie  more  or  less  destroyed ;  tliere  is  seen 
s  granular  condition  due  to  cell-frag mcBtatiaii ;  at  dif- 
ferent points  alwut  the  centre  of  this  area  the  tissue 
appears  cloudy  and  the  tissue-cells  do  not  stain  n>ad- 
ily.  Kound  about  and  through  tliis  spot  are  seen 
the  nuclei  of  pns-cells,  many  of  which  are  nmlergoing 
disintx^ration.  In  the  smallest  of  these  bi^inning  ab- 
scesses the  staphylococci  are  to  be  seen  scuttered  about 
the  centre  of  the  necrotic  tissue ;  but  in  a  more  advanced 
stage  they  are  commonly  seen  masseil  together  in  very 
lai^  numbers  in  the  form  commonly  referred  to  aa 
emboli  of  mivrococn. 

The  localized  necrosis  of  the  tissues  which  is  seen  st 
the  centre  of  the  abscess  is  the  direct  result  of  the 
action  of  a  poison  produced  by  the  bacteria,  and  repre- 
sents the  starting-point  for  all  absocss-formations. 

When  the  process  is  further  developed  the  difTerent 
parts  of  tiie  absi-ess  are  more  easily  detected.      Th^J 
then  present  in  sections  somewhat  the  following  ccmdi'lfl 
tions  :  at  the  centre  can  be  seen  a  dense,  granular  n 
which  stains  readily  with  the  l)asic  aniline  dyes,  and  J 
when   highly  magnified   is  found  to  be  made   up  of  1 
staphylococci.     Sometimes  the  shape  of  tins  mas8  of  I 
staphylococci  corresponds  to  that  of  the  eapillarj- 
which  the  organisms   became  lodged   and   developed.  1 
Immediately  about  the  embolus  of  cocci  the  tissues  are  J 
seen  to  lje  in  an  advance<l  stage  of  necrosis.     Thcar'l 
stnicture  is   almost   completely  destroyed,  tliongb  the 
destruction  is  seen  to  be  more  advanced  in  some  of  tJie  i 
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Glemeiits  of  the  tissues  tlian  in  others.  As  wo  approach 
tlic  periphery  of  this  liiintly  stained  Qpurotic  area  it 
IwcomcB  marked  here  and  tliere  with  gniiiular  bodies, 
irregular  in  size  and  shape,  whioli  stain  in  the  same 
way  as  do  the  niielci  of  the  pus-eclls  und  represent  the 
result  i>f  disintegration  going  on  in  these  cells, 

Beyond  this  area  we  come  upon  a  dense,  deeply  stained 
isone,  consisting  of  closely  packed  pus-cells ;  of  granular 
detritus  resulting  from  destructive  processes  acting  upon 
these  cells;  and  of  the  normal  cellular  and  connective- 
tissue  elements  of  the  part.  Here  anil  there  through 
tlus  zone  will  be  seen  localized  areas  of  beginning  death 
of  the  tisHueH.  This  zone  gradually  fades  away  into 
the  healthy  surrounding  tissues.  It  constitutes  the  so- 
called  "  abscess- wall." 

Such  is  the  picture  presented  by  the  miliary  abscess 
when  produced  experimentally  in  the  rabbit,  and  it  cor- 
responds from  beginning  to  end  with  the  pathological 
changes  which  accompany  the  formation  of  lai^jr  nb- 
seeBgos  in  the  tissues  of  human  beings. 

From  these  smalt  abscesses  in  the  tissues  of  the 
rabbit  afnphylorni-ciia  pi/ngnies  aureus  may  again  be 
obtained  in  pure  culture,  and  will  present  identically 
the  same  characteristic,-!  that  were  possessed  by  the  cult- 
ure with  which  the  animal  was  inoculated. 
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The  pus  of  an  acute  abscess  in  the  human  being 
may  sometimes  contain  other  oi^anisms  beside  nfnphylo- 
eocciw  pyngen<g  aureus,  Slnpki/locoecue  pi/offmcs  albus 
and  cUreus  may  be  found.  The  colonies  of  the  former 
are  white,  those  of  the  latter  are  lomon-color.  With 
these  exceptions  they  are  in  all  essential  cultural  pceuli- 
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nrhioB  siniilur  to  Miifihylwoecus  aureus.  As  a  rule,  tlioy 
arc  not  virulent  tor  animals,  and  when  they  do  pos- 
sess pathogenic  pro[>erties  it  is  in  a  much  lower  dt^ree 
than  is  commonly  the  case  with  the  golden  staphy- 
lococcus. Slreptocoecun  pyogenes  is  also  sometimes 
pn*ent.  The  commonest  of  the  pyogenic  orgHiiisms, 
however,  it;  that  just  de£cnl>ed,  viz.,  i^aphyloconcuii 
pyogenes  aureus.  An  organism  that  is  almost  uuivet- 
sally  present  in  the  skin,  and  is  often  con«;erneci  in  pro- 
ducing mild  forms  of  inflammation,  is  ^pliyloeoceua 
epidermidis  allmei  (Welch),  an  organism  that  may  rend- 
iiy  be  confused  with  utajihyliicocvuit  albus.  It  is  distin- 
guished from  the  latter  by  the  slowness  with  which  it 
liquefies  gelatin  and  by  the  comparative  absence  of 
patlK^-nic  properties  when  injected  into  the  circulation 
of  rabbits.  Welch  regards  this  organism  as  a  variety 
of  etaphylococi'ita  pyogenes  albus, 

Strept(xyxti's  PvofiENF-s,  —  From  a  spreading 
phlegmonous  inflammation  prejiare  cover-slips  and  cult- 
ures. What  is  the  predominating  organism  ?  Does  it 
appear  in  the  form  of  regular  clusters  like  those  of 
grapes,  or  have  its  indi\'iduals  a  definite,  regular  ar- 
rangement? (See  Fig.  55.)  Are  its  colonies  like  those 
of  si ftphyloeocnis  pyogenes  aureus  f 

Isolate  this  organism  in  pure  cultures.  In  these  cult- 
ures it  will  be  found  on  microscopic  esaminatiou  to 
]>resent  an  arrangement  somewhat  like  a  chain  of  beads. 
(Fig.  56.) 

Determine  it.s  peculiarities  and  deseril>e  them  accu- 
rately.    They  should  Iw  as  follows  : 

I'ptm  microscopic  examination  a  micnicoccus  sJiould 
be  found,  but  ciiffi'ring  in  its  arrangement  from  the 
libed.    The  ^n^e  cells  ore  not 


1 
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scattered  irregiiliirly  or  armnged  in  clumps  similar  to 
bunches  of  girapefi,  but  arc  jointHl  together  in  chains  like 
strands  of  beads.     These  stmnds  arc  soraetiraes  regular 


■j-'i' 


ir 


in  the  arrangement  iind  size  of  the  individual  cells  com- 
posing them,  but  more  commonly  certain  irregular  groujia 
may  be  seen  in  them.     Here  tliey  appear  as  if  two  or 


Streptocoociia  pfogenet. 

three  cells  have  fnse<l  together  to  form  a  link,  oo  to  speak, 
in  the  chain,  that  is  somewhat  longer  than  tlir 
ing  links;  again,  jjortions  of  the  chain  may  be  thii 
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tlian  the  rest,  or  may  appear  broken  or  ra^cd.  Com- 
monly tlie  individuals  comprUing  this  chain  of  cocci 
arc  not  round,  but  ai)pear  flattened  on  the  sides  adjacent 
to  one  another.  The  chains  are  sometimes  short,  con- 
sisting of  four  to  six  cells ;  or  again  they  may  be  much 
longer,  and  extend  from  a  half  to  two-thirds  across  the 
field  of  the  microscope. 

Under  artificial  conditions  it  sometimes  grows  well, 
and  can  be  cultivated  through  many  generations,  while 
at  other  tjmes  it  rapidly  loses  its  vitality.  When  isolated 
from  the  diseased  area  upon  urtilieial  media  it  seems  to 
retain  its  vitality  for  a  longer  pcrio<l  if  replanted  upon 
fresh  media  every  day  or  two  for  a  time ;  but  if  the 
first  generation  is  transplanted  and  ia  allowed  to  re- 
main npon  the  original  medium,  it  is  not  uncommon 
to  find  the  organism  inciijiable  of  further  cultivation 
after  a  week  or  ten  days. 

Under  no  conditions  is  the  growth  of  this  organism 
very  luxuriant. 

On  gelatin  plates  its  colonies  api>car  after  forty-eiglit 
to  seventy-two  hours  as  very  small,  flat,  round  jmiiits  of 
a  bluish-M'hitc  or  opaleseiuit  appearance.  They  do  not 
cause  li<|ue  fact  ion  of  the  gelatin,  antl  in  sis-.c  thcv  mrely 
exceed  0.11-0.8  mnt.  in  diameter.  Under  low  magnity- 
ing  power  they  have  a  bntwnisli  or  yellowish  tingt^  by 
transmitted  light,  and  are  finely  granular.  As  the  col- 
onies l>r('onie  older  their  regular  border  may  become 
slightly  irri'frular  or  notched. 

In  stab-cultures  in  gelatin  they  grow  along  the  entire 
newlle-traek  as  a  linely  granular  line,  the  granules  rei>- 
reaenting  minute  colonies  of  the  organism.  On  the 
surface  the  gnivvlh  does  not  usually  extend  beyond  the 
[wint  of  puncture. 
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On  agar-agar  plab:s  the  colonifa  apiiear  as  minuU' 
pearly  pointo,  which  when  slightly  magnified  are  seen 
to  be  finely  granular,  of  a  light-brown  ieb  odor,  and 
regular  at  their  niai^ins. 

When  smeared  upon  the  surface  of  agar-agar  or  gel- 
atin slants  the  growth  that  results  is  a  thiu,  pearly, 
finely  granular  layer,  consisting  of  minute  colonies 
growing  closely  side  by  sidf.  Its  most  luxuriant 
growth  is  seen  on  glycerin -agar-agar  at  the  tempera- 
ture of  the  body  (37.5°  C),  and  its  least  on  gelatin  at 
from  18°  to  20"  C. 

On  blood-scrum  its  colonics  present  little  that  is  c)mr- 
acteristic  ;  tbey  apiwar  as  small,  moist,  whitish  points, 
Irom  0.6  to  0.8  mm.  in  diameter,  tliut  are  alightlj  ele- 
vated above  tJie  siirfact^  of  the  serum.  They  do  not 
coalesce  to  form  a  layer  over  the  surface,  but  remain  as 
isolated  colonies. 

On  potato  no  viBible  development  appears,  but  after 
a  short  time  (thirty-six  to  seventy-two  hours)  there  is 
a  slight  increase  of  moisture  about  the  point  of  inocula- 
tion, and  microscopic  examination  shows  that  multiplica- 
tion of  the  organisms  place<l  at  this  point  lias  occurred. 

In  milk  ila  conduct  is  not  always  the  same,  some  cult- 
ures causing  a  separation  of  the  milk  into  a  firm  clot 
and  colorless  whey,  while  others  do  not  pnxiuoe  this 
coagulation.  The  Iatt«r,  when  cultivated  in  milk  of  a 
neutral  or  slightly  alkaline  reaction,  to  which  a  few 
drops  of  litmus  tincture  have  l>een  addeil,  produce  a 
very  faint  pink  color  aftt^r  twenty-four  hours  at  37.5° 
C. ;  there  is  no  coagulation. 

In  liouillon  it  grows  as  tangled  masses  or  clumps, 
which  upon  microscopic  examination  are  seen  to  consist 
of  long  chains  of  cocci  twisted  or  matted  together. 
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It  gruwM  Ix'st  at  tlio  t^mj>vraturc  of  the  body  {ST-S" 
v.),  iiixl  (K'VL'lojw,  Itiit  kits  nipiijly,  at  the  ordinary  room- 
t<'nnKT«tiin'.  When  vinili-ut  this  property  is  said  by 
rt-tnitH-liky  to  be  pn-servitl  by  retaining  the  cultures  in 
the  ii-e-i'liest  atU'r  tliey  Imve  been  growing  on  gelatin 
Cur  t>M>  days  at  '1'1°  O. 

ItH  viruii'n<>e  may  otUiii  be  inercaaed  by  passing  it 
thn>UKl)  »  serifd  of  susceptible  animals. 

It  is  H  facullativu  anaerobe. 

It  staiiw  with  the  onUnarj-  aniline  dyes,  and  is  not 
drti'lorized  whi-H  suhjiH'ted  to  (inini's  niothiMl 

It  if*  not  motile,  »nd,  bi-ing  a  munKHKH.u»,  does  not 
form  indopmoUK  s)H>n':<.  Under  artihtial  toiiditions 
we  have  no  n^Hmm  to  iwHeve  that  ituit*rs  i  st,^  m 
wliifh  its  resisltinei'  to  detrimental  agtncusis  nitrtdsed 
lu  the  tissues  of  the  hiMly,  i«>wever,  it  ippear-.  to  i>o— 
!te>s  markiil  vitality,  for  it  is  not  mre  to  observe 
nvurrences  of  inllamumtory  eomlitions  due  to  thi» 
or)^inism,  oHen  at  a  reliitively  \<.n\^  time  after  the 
]>rimnry  site  of  inlWtion  has  liesiled, 

'Hu'  ri'sults  of  its  intH'n1ati<m  into  the  tissues  of 
lower  itntmals  are  di-seribed  by  Hosenlwi-h  and  Passet 
us  inHilmt'Iiil,  piM^i-r'ssive,  ervsi]»el;itoid  intlanimations ; 
and  VVhleis,!!.  wiio  deseriUt'l  a  stn'|>l..e.H-.us  in  erysip- 
el)ts  th>tl  i«  in  all  prokil.ilily  i.I.  nticat  uilli  the  xtrCjAo- 
,^\v»!i  /•v<n;<"<'-''  imdoi-  eonsidiriilion,  slated  tliat  it  prix 
dil.vd  in  th.-  tis,nes  of  n.bbils  ^ihe  l.:w  of  the  ear) 
I)  '.\\.\i\<\\  d.lhi.il,  iiuj;nH.irv  nshhiiin^'  witlioni  |>iis- 
t;.nn,.ti..ii.  riie  «nler  ha-  en, on ut end  a  eultiire  of 
litis  oi>;ioiiMii  ihat  ihv«^-*ihI  the  piM|HTty  of  iadueiiiK 
<-n -iiH'l:)!  when  ii)Ii>Hti|i'<'«l  into  the  skin  of  the  ear,  and 
dii-H-miimtetl  tttM^vtKtiintMlHiu  \vhe»  itytvlM  into  the 
.'iu'>iUlit'0  .'I    (••MmIx.       rtiU  til-i'rvnlMHi   has  an   iiu- 
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portuDt  bearing  iipou  the  question  couetTiiiiig  tlie  ideu- 
tity  of  streptococci  found  in  various  inflammatory  con- 
ditions, sucli,  for  instance,  aa  the  spreading  erysipelatoid 
manifcstutions  on  tlio  one  hand,  and  the  circumscribed 
abscess-formations  on  the  other. 

The  results  that  follow  upon  tiic  inntmlatioii  of  ani- 
mals with  cultures  of  atrcpt<Rrooi'i  obtained  from  various 
iDflammatory  lesions  are,  as  a  rule,  inconstant.  At 
times  cultures  will  be  encountered  that  are  apparently 
witliout  virulence,  no  matter  how  tested ;  while  again 
cultures  from  other  sources  exhibit  the  most  marked 
pathogenic  properties,  even  when  employed  in  almost 
infinitesimal  quantities.  Between  these  extremes  every 
gradation  may  be  expecttjd.  The  virulence  of  a  culture 
is  not  necessarily  proportional  to  the  intensity  of  the 
pathological  process  from  which  it  is  derived. 

There  ia  never  any  certainty  of  laithfully  repro- 
ducing, by  inoculation  int<i  fiiisceptible  animals,  the 
patholo^cal  lesion  from  whii^h  a  culture  of  the  organ- 
ism may  have  been  obtaineil.  The  introduction  into  a 
susceptible  animal  of  a  culture  derived  from  either  a 
spreading  phlegmon  or  an  erysipelatous  inflammation 
may  result  in  erysipelas,  general  septiciemia,  locjd  ab- 
scess-formation, or,  as  said,  may  have  no  effect  nt  all. 
Cultures  may  be  encountered  that  are  pathogenic  for 
one  susceptible  species  of  animals  and  not  for  another. 

Under  the  onlinary  conditions  of  artificial  cultiva- 
tion fully  virulent  varieties  of  stirptococc.us  pyof/enes 
usually  lose  their  virulence  after  a  short  time. 
Petruschky '  preserves  this  projjcrty  by  cultivation 
upon  nutrient  gelatin  for  two  days  at  22°  C,  keeping 
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the  cultures  after  this  time  in  the  refrigerator,  and 
transplanting  upon  fresh  gelatin  every  five  or  six  days. 
Marniorek  *  finds  the  virulence  preserved  by  growing 
the  orgauism  in  a  mixture  of  2  |)artd  of  horse  or 
huDian  bhuKl-scTum  and  1  part  of  nutrient  bouillon,  or 
of  1  part  of  ascites-fluid  and  2  {>arts  of  bouillon. 

Certain  authors  are  of  the  opinion  that  a  relation 
exists  between  virulence  and  the  length  of  the  chains 
formed  by  strepto<;occi  when  growing  in  fluid  media. 
It  is  held  that  those  forming  the  long  chains^  strepto- 
coccus longus,  are  the  only  ones  concerned  in  animal 
pathology,  and  hence  the  only  ones  by  which  patho- 
genic powers  may  be  exhibited ;  while  those  form- 
ing the  short  chains,  Htrepiococcus  brevis,  are  not,  as  a 
rule,  i)athogenic,  and  may  often  be  readily  differentiated 
from  the  other  variety  by  more  or  less  gross  cultural 
chaniet<Tisties,  such  as  slow  liquefaction  of  gelatin, 
visible  growth  on  potato,  etc.* 

ANTisTRp:rr(HHKX'rs  Skuum. — For  a  time  a  great 
deal  of  interest  was  created  by  the  announcement  of 
Marmorek  that  he  had  sueecH?ded  in  inducing  in  ani- 
mals a  state  of  immunity  from  streptix^occus  infection, 
and  that  the  blood-serum  of  such  animals  when  injected 
into  other  susceptible  animals  and  human  beings  pos- 
sessed not  only  the  pro]>erty  of  rend(?ring  them  insus- 
ceptible to  this  ])artieular  form  of  infection,  but  even 
exhibited  (Mirative  jmwers  in  eases  already  infc^cted. 
This  serum  was  obtaine<l  from  horses  or  asses  that  had 
been  rendered  imnuuie  by  the  gradual  introduction  into 

'  Marmort^k :  Annalcs  do  riiistitnt  Pasteur.  1S95. 

»V.  LinKelsheim :  Zcitwhrift  fur  Hypicne,  ISm,  Band  x.,  and  1892, 
Rand  xii.  Belirin^;:  ( 'cntralblatt  fiir  Bakteriologie  und  Parasitcn- 
kundc,  1892,  I^nd  xii. 
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their  tissues  of  iacreasiiig  amoimt^  of  virulont  strepto- 
cocci. 

A  great  <lcul  has  been  said  both  for  and  against  the 
claims  of  Marraon^k ;  but  at  prcwent  the  bulk  of 
opinion  in  unlavorable,  or  at  Imat  very  conservative. 
Many  competent  clinicians  look  with  favor  upon  the 
use  of  this  scrum  in  suitable  cases — i.  e.,  genuine,  un- 
complicat^Hl  streptococeus  infections;  but  at  Uie  same 
time  others  have  failed  to  deraouatrate  its  usefulness. 
Koch  and  Petrusciiky  failed  throughout  to  confirm 
Murmorek's  results.  It  is  difficult  to  reconcile  tlie  fact 
that  a  single  or  even  several  attacks  of  erysipelas  or  of 
phlegmonous  inflammation  in  the  human  being  afford 
no  protection  from  subsequent  attacks,  with  the  state- 
ment of  Marmorek  that  a  condition  of  complete  im- 
munity may  be  established  in  animals  by  the  rojieated 
induction  of  mild  manife.'itationa  of  the  disease. 

Streplococ.aM  pyogenes  is  the  organism  most  com- 
monly found  in  rapidly  spranHng  suppuration,  while 
riaphiflococciia  pifoffcnex  aureiui  is  most  frequently  found 
in  circumgcribe'I  abscess-formations;  they  may  also  be 
found  ti^ther. 


Note. — If  the  opportunity  presents,  obtain  cultures 
from  a  case  of  erj-sipclaa,  Comi>arc  the  organism  thus 
obtainetl  with  the  streptococcus  just  mentioned.  Inoc- 
ulate rabbits  both  subcntaneously  and  into  the  circula- 
tion with  al>out  0.2  C.C.  of  pure  cuItHre«  of  these  organ- 
isms in  bonillon.  Do  the  results  correspond,  and  do  they 
in  any  way  suf^^cst  the  results  obtained  with  fdaphi/fn- 
cocciM  pyogenfx  aurnm  when  introduced  into  animals  in 
the  same  way?  I>o  the^e  streptococci  flourish  readily 
on  ordinary  media  ? 
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The  organisms  that  have  just  been  described  are 
commonly  known  as  the  "  pyogenic  cocoi "  of  Ogston, 
Rosenbach,  and  Passet,  and  up  to  ne  late  as  1885  were 
believed  to  betlie  gpccitic  factors  cnncenied  in  the  pro- 
duction of  suppurative  intlaummtious.  Since  that  time, 
however,  there  has  been  t^iisiderable  modi  licat ion  of 
this  view,  ami  while  they  are  etill  knonn  to  be  the 
most  cpmmun  causes  of  suppuration,  they  are  also 
known  not  to  1»e  the  unly  causes  of  this  prucxiss. 

With  the  more  general  application  of  bacteriological 
methods  to  tlie  study  of  the  manifold  conditions  coming 
tmder  the  eye  of  the  physician,  the  surgeon,  and  the 
pathologist,  observations  are  constantly  l>eiiig  made 
that  do  not  accord  with  the  earlier  ideas  itinn  the 
specific  relation  of  the  pyt^nic  cocci  to  all  forms  of 
suppuration.  There  is  an  abundance  of  evidence  to 
jui^tify  the  opinion  that  a  number  of  organisms  not 
commonly  classed  as  pyogenic  may,  under  certain  cir- 
cumstances, assome  this  property.     For  example  : 

The  bacillus  of  typhoid  fever  has  been  found  in  pure 
cnlture  in  ost«omyelitis  of  the  ribs,  in  acute  purulent 
otitis  media,  in  ahscess  of  the  soft  imrts,  in  the  pus 
of  empyema,  and  in  localized  fibro- peritonitis,  either 
during  its  eourse  or  as  a  sequel  of  typhoid  fever. 

Baderium  coli  eomvmne  has  been  found  in  pure  cult- 
ure in  aciite  peritonitis,  in  liver-abscess,  in  purulent  in- 
flammation of  the  gall-bladder  and  ducts,  and  in  appen- 
dicitis ;  and  Welch '  has  found  it  in  pure  culture  in 
fifteen  lUfferent  inflammatory  conditions. 

ilicroeofx^ia  faiieeolutus  (pneumococcus)  has  been 
found  alone  in  abscess  of  the  soft  parts,  in  purulent 
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iofiltration  of  the  tissues  about  a  fractiirc,  in  purultiit 
cerebro-spinal  uouiiigitis,  in  suppurative  synovitis,  in 
acutt!  jH'rieanlitis,  and  in  acute  iutlaiuniatiun  of  the 
middle  ear. 

Moreover,  many  of  tlie  less  common  or^uisms  have 
been  detected  in  pure  cultures  in  intlatnmator)'  condi- 
tions with  whi':h  tliey  were  not  previously  ttiought  to 
be  concerned,  and  to  whieh  they  are  not  usually  related 
etiological  ly. 

In  ounsIdcratioQ  of  sueh  evidence  as  this  it  is  plain 
that  we  can  no  longer  adiiere  rigi<lly  to  the  opinions 
formerly  held  ujmn  the  etiolt^  of  euppumtion,  but 
must  subject  tbeni  to  modifications  in  eonibrmity  with 
this  newer  evidence.  We  now  know  tliat  there  exist 
bacteria  other  than  the  "  pyfigenic  cocci,"  which,  though 
not  normally  pyogenic,  may  give  rise  t«  tissue-changes 
indistinguishablti  from  those  produced  by  the  ordinary 
pus-oi^nisms.' 

GONOCOCCUa,       MICHOCOCCUS   OONORRH(E^ 

One  observes  upon  microscopic  examination  of  cover- 
alijts  prepared  from  the  pus  of  acute  gonorrlitea  that 
many  of  the  pus-cells  contain  within  their  protoplasm 
numerous  small,  stained  bodies  that  are  usually  arranged 
in  pairs.  Occasionally  a  cell  is  seen  that  contains  only 
one  or  two  pairs  of  such  bodies;  again,  a  cell  will  be 
encountered  that  is  packed  with  them.  Ocaisionally 
masses  of  these  small  bodies  will  be  seen  lying  free  in 
the  pus.  (See  Fig.  57.)  The  majority  of  the  pus-cells 
do  not  contain  them. 

■  Forn  more  detailed  dlacuasioD  or  tbeinihject,  we  "TtioFulorB  Con- 
cerned in  the  Production  of  Suppnrslion,"  lutenutioiwl  Hediul 
Magaziue,  Philaddpliia,  M«r.  ISy2. 
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These  small,  round,  or  oval  bodies  are  the  so-called 
"  goiioc'occi "  disewvered  by  Neisser,  aud  more  fully 
etudied  aubseqnently  by  Bumra,  to  whom  we  are  in- 
debted for  much  of  our  knowledp?  eoncoruing  them. 

As  the  name  implies,  this  organism  is  a  micrococcus, 


^B  meth< 


Piuof  gonorrhirn,  ihowing  diplococci  lu  the  bodies  of  the  inu-celli. 

and  as  it  is  commonly  arranged  in  pairs  (flattened  at 
the  aurfa(«s  in  juxtaposition)  it  is  often  desif^ated  as 
diplociMx^ns  of  gonorrhtea.  It  is  always  to  be  found  in 
gnuorrha'al  pns,  and  often  persists  in  the  urethral  dia- 
char^ies  and  secretions  far  int<t  the  stage  of  conva- 
lescence. It  is  not  present  in  inflamniatoiy  conditions 
other  than  those  of  gvnorrhoeal  origin. 

It  is  easily  detected  microscopically  in  the  secretions 
of  acute  gonorrlicea.  In  secondary  lesions  and  in  very 
old,  chronic  cases  it  is  difficult  of  detoction  and  fre- 
quently eludes  all  efforts  to  find  it.  It  is  stainetl  by  the 
ortlinarj-  methods,  but  ]>erhaps  most  satisfiictorily  with 
the  alkaline  solution  of  mctliylene-blue.  Most  impor- 
tant as  a  differential  t«st  is  itfl  Jaibtre  to  stain  by  the 
method  of  Gram.     (How  does  this  compare  with  the 


treated  in 
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behavior  of  the  otiior  pyogenic  couci  win 
the  »amt;  way  ?) 

It  docs  not  grow  upon  ordinary  nutrient  media, 
and  has  only  been  isolated  in  culture  through  the  em- 
ployment of  Hpet'ial  methods.  Its  growth  under  arti- 
ficial eonditious  seems  U)  dejwnd  ujjon  Home  partic- 
ular nutrient  siibstjinee  that  is  auppliwl  by  bloud  or 
blood-serum,  and  in  all  the  media  that  have  been  suo- 
cuReftilly  nsod  for  its  cultivation  this  substance  is 
ap|iareiitly  an  L'sst.'ntial  constituent.  By  many  investi- 
gators it  is  thought  that  tiuly  human  blood  possesses 
this  important  ingredient,  tliough  thiu  opinion  is  not 
universal.' 

It  was  first  isolatal  in  culture  by  Bunini,  who  used 
for  this  purpo.se  coagulated  human  blood-serum  ob- 
tained from  the  placenta. 

Wertheim  improved  the  method  of  Bumm  by  using 
a  mixture  of  equal  part?"  of  sterile  human  blood-serum 
and  ordinary  sterilized  nutrient  agar-agar,  the  latter 
having  l>een  liqtiefieil  and  kept  at  60°  C.  until  after 
the  mixture  was  made,  when  it  was  allowed  to  eool  and 
solidify. 

Other  investigators  have  substituted  for  human  blood- 
serum  certain  pathulogieal  fluids  from  the  human  body, 
Bueh  as  aseites-fluid,  fluid  from  ovarian  cysts,  and  serous 
eSiisions  from  the  pleura  and  from  the  joint-cavities, 

The  method  used  by  PfeifFer  for  the  cultivation  of 
the  bacillus  of  influenza  is  also  said  to  have  been  suc- 
ccfwfuUy  employed.  AWl  reconiniende  a  needle-prick 
in  the  finger  as  a  most  convenient  sounie  from  which  to 


'  An  iustruatlve  article  on  this  subjevt  in  that  b;  Foiilerton ;  "  On 
Micracwcus  <ii>norrliira!  and  duDnrrhiHtl  Infn:tii>n,"  TransactiooB  of 
the  Briatul  lusLitulo  of  Preventive  Mi^iltciue,  1S»T,  scries  L 
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nbtnin  the  iiocessury  amount  of  human  hlooil  that  is  to 
l)e  smt-arLtl  over  the  surface  of  the  slanting  ugur-agiir 
when  Pfeiffcr'a  nicthoc!  is  employed. 

Wright's  niixl  ill  cation  of  Stt-inschneider's  method  has 
given  such  satisfactoiy  results  in  liis  hands  that  it  will 
be  given  here  somewhat  in  detitil.     The  medium  con- 
sista  of  a  mixture   of  urine,  blood-serum  (human  or 
bovine,  either  serving  the  purpose),  and  nutrient  ^ar- 
agar.     Tiie  urine  and  biood-scrum  are  collected  with- 
out special  aseptic  precautions,  and  subsequently  freed  J 
from  bacteria  by  Hltratiou  through  unglozed  porcelai 
Frequently  this  is  the  tedious  part  of  the  process,  i 
the   serum   anil    urine   pass   very  slowly  through 
porcelain   filters   generally    employed    in   lalwratoriefl, 
Wright  recommends  a  filtering  cylinder  manuiactured 
by  the  Boston  Filter  Company  as  an  apjtaratns  that  not 
only  pives  a  sterile  filtrate,  but  also  permits  of  very   i 
rapid  ))asaage  of  the  fluid. 

The  details  of  the  method  jis  given  by  Wright  are  aa 
follows:  "A  litre  of  nutrient  agar  is  prepared  in  the 
usnal  manner,  and  afler  filtration  it  is  evaporated  to 
about  600  e.c.  This  concentration  is  desirable,  so  that 
after  dilution  with  the  urine  and  serum  the  medium 
may  be  sufficiently  firm.  This  coneontnifcil  agar  is  then 
run  into  test-tubes  and  the  whole  sterilized  by  steam  od 
three  successive  days.  The  quantity  of  agar  placed  in 
each  tube  is  smaller  than  is  usual;  tins  is  in  order  to 
allow  for  the  subsequent  addition  of  the  urine  and  , 
serum. 

"The  blood-senmi,  which  need  not  be  free  from  cor- 
puscles, is  first  jMissicd  through  white  sand,  which  is 
siipporte<l  in  a  funnel  by  tilter-imper,  in  order  to  re- 
tove  as  lar  as  is  possible  any  particles  in  suspension, 
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and  is  then  mixed  witli  half  it«  volume  of  fresh  iirinc. 
The  mixture  of  urine  and  blotxl-semm  is  next  filtered 
by  suction  through  an  unglazed  poreelain  eylinder  into 
a  receiving-flask,  sucli  as  cliemists  use  for  similar  pur- 
poses, by  means  of  a  water-vacuum  pump.  This  freefl 
the  mixture  from  bacteria. 

"  The  usual  precautions  are,  of  course,  taken  to  pre- 
vent the  contamination  of  the  tiltrate,  such  as  the  pre- 
vious sterilization  by  stoam  of  the  cylinder  and  receiv- 
ing-dask,  besides  others  which  will  occur  to  any  bacteri- 
ologist. 

"  To  the  agar  in  each  testr-tube,  which  is  fluid  and  of 
a  temperature  of  at>oiit  40°  C,  there  is  added  aljout 
onc'third  t4)  one-half  ita  volume  of  the  filtered  mixture 
of  urine  and  blood-serum.  This  is  conveniently  accom- 
plished by  pouring  the  mixture  from  the  receiving-flask 
through  the  lateral  tube,  inserted  near  its  neck  directly 
into  the  tubes.  The  preliminary  melting  of  tlie  agar 
is  best  effected  in  the  Rteam  sterilizer,  in  order  that  any 
organisms  which  have  found  lodgement  in  the  cotton 
plugs  of  the  tubes  may  be  deatn>yed.  When  the  agar 
ia  melted  it  is  cooled  and  kept  fluid  by  placing  the 
tubes  in  a  water-bath  at  40°  C,  Each  tube,  after  the 
addition  of  the  urine  and  serum  to  the  fluid  agar,  is 
quickly  shaken  to  insure  a  uniform  mixture,  and  is 
then  placed  in  an  inclined  position  to  allow  the  agar  to 
solidify  with  a  Blanting  surface.  When  the  medium 
in  the  tubes  has  solidilied  the  tubes  are  placed  in  the 
incubator  I'or  about  twenty-four  hours  to  (est  for  con- 
taminations, after  which  they  are  ready  for  use." 

Tlie  successive  dilutions  are  now  to  be  made  upon 
the  slanting  surface  of  this  mixture,  as  the  mase  in  the 
tubes  cannot  be  rcdissolved  without  exposure  to  a  de- 
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proe  of  lioat  tliat  apparently  iuterftTcs  with  the  nutri- 
tive! value  of  the  scirtim  (contained  iti  the  medium. 

When  inoculated  with  gonorrhteal  pu3,  by  smearing 
a  loopful  over  the  surface,  the  tubes  are  to  he  kept  at 
fnim  37°  to  3S°C.  The  oi^nisQi  does  not  develop 
properly  at  a  temperature  below  this  point. 

After  twenty-four  lioiips  tlie  eolonieiS  of  the  gono- 
eoceua  appear  on  the  surface  of  tlie  medium,  aceord- 
ing  t«  Wright,  as  very  tiny,  grayish,  &emi-transluoent 
points.  After  tbrty-eight  hours  they  may  be  about 
1  millimetre  or  bo  in  diameter,  slightly  elevated,  with 
a  rounded  outline,  grayish  in  color,  and  semi-translu- 
cent by  transmitted  light.  By  reflected  light  their  sur- 
face haa  the  appearanof  of  ftxistcd  glai^.  Jjatpr,  if  few 
in  number,  so  that  tlieir  growth  is  tmimpedeel,  the  colo- 
nies may  attain  a  diameter  of  2  millimetres  or  more,  be- 
come thicker  and  denser,  with  a  faintly  brownish  tinge 
about  their  centres,  and  a  slightly  irregular  outline. 

Under  a  low  power  of  the  microscope  a  fully  de- 
veloped colony  is  seen  to  consist  of  a  general  circular 
expansion,  with  thin,  trauflluc^nt,  smooth,  sharply  de- 
fined margin,  but  becoming  brownish,  granular,  and 
thicker  toward  the  central  jwrtion,  which  is  made  up 
ofcoarse,  granular,  brown-colored  chimps  closely  packed 
together. 

The  appearances  coincide  with  the  figure  of  such  a 
colony  given  by  Werlheim,' 

Wassermann  *  calls  attention  t«  the  success  he  has 
had  in  cultivating  this  organism  upon  a  mixture  of 
swiue-serum    and    nitrose,    the   latter    being    a   oom- 

*  Dontscho  mi-d.  Wochcuarlirin.  1^1,  No.  .W ;  OutralbUtt  fur  Qym- 
kolnglo,  18(11,  No.  2i 

*  Zoll«chrift  fur  Qjreienc  mid  Iiireklioii.Hhm 
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mcrcial  prixluct  chemicBlly  known  as  casein-sodium 
phosphate. 

The  prcpiiratidii  of  the  medium  and  ite  compositiuu 
are  as  follows ; 

In  an  Erlpumcyer  flask  mix  ISc.c.  of  swine-serum,  as 
free  as  possible  from  hierooglobin ;  30  to  35  e.c.  iif  water ; 
2  to  3  o.e.  of  glycerin ;  and  finally  0.8  to  0.9  gramme 
(i.  c,  about  2  per  cent.)  of  nitrose.  This  is  boiled,  with 
gentle  i^tation,  over  a  free  flsDie,  until  alt  ingredients 
are  dissolved  and  the  cloudy  fluid  has  become  quite 
clear.  After  such  boiling  the  mixtiu^  can  be  sterilized 
by  steam  without  precipitating  the  albumin,  and  may 
then  be  kept  indefinitely  ready  for  use. 

When  rK^ed,  the  flask  and  ita  contents  are  heated  to 
50°  C. ;  from  six  to  eight  tubes  of  2  per  cent,  peptone- 
agar-agar  are  dissolved  by  Imiling,  brought  to  60°  C, 
and  then  mixed  with  the  solution  in  the  fla.sk  and  the 
miisa  poured  into  Petri  dishes.  Uixm  the  surface  of  this 
serum -nit  rose-agar  the  cultivation  is  to  be  conducted. 
Wassermann  lays  particular  stress  upon  two  points  that 
are  essential  to  success,  viz.,  the  preliminary  boiling  of 
the  Bcrum-nitrose  mixture  before  steam  sterilization,  as 
tills  prevents  precipitation  of  the  albumin ;  and  tlie 
necessity  of  having  both  the  serum-nitrosc  mixture  and 
the  agnr«gar,  to  be  mixed  with  it,  at  not  over  60°  C, 
for  if  they  are  at  boiling  temperature  when  mixed,  or  if 
they  are  brought  to  the  boiling  temperature  nj'tfr  mixing, 
the  albumin  will  be  precipitated  notn~ithstanding  the 
presence  of  the  nitrose,  which  otherwise  prevents  this. 

Wassermnnn  further  observes  that  some  samples  of 
serum  require  to  be  more  highly  diluted  with  water  than 
in  the  phiportinna  given  above ;  that  the  agar-agar 
should   be   feebly,  but   diatinofly,  alkaline   to  litmus, 
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causing  no  rciMcning  whatever  of  blue  litmus  paper; 
anJ,  finally,  that  tlie  Petri  dishes  contiiinmg  the  solidi- 
fieii  medium  ou  which  the  cultures  are  growing  are  beat 
kept  Imttom  iipwiird,  so  iih  to  prevent  iratffr  of  cun- 
dcnsiitimi  collet:ting  on  the  surface.  By  the  use  of  the 
above  medium  he  bas  cultivated  the  goiiococcus  from 
al>out  one  bundred  difiereut  oases. 


If  transplanted  from  the  original  culture  to  either 
glycerin-agar-agar  or  to  I^offler's  senim-mixture,  a 
growth  is  Hometimefl  observed,  more  often  in  the  latter 
than  in  the  former,  but  of  so  feeble  a  nature  that  these 
substances  cannot  be  regarded  as  suitable  for  its  culti- 
vatiou.  As  a  rule,  development  docs  not  occur  on 
glyeerin-agar. 

Microscopic  examination  of  colonies  of  this  oiganiflin 
reveals  the  presence  of  a  diplococcus  somewhat  Isi^r 
tlian  the  ordinary  pyogenic  cotwi.  The  opposed  sur- 
faces of  the  indtvidiiul  ci'lls  that  comprise  the  couplets 
are  flattened  and  separated  bv  a  narrow  slit.  At  tunee 
the  cora^i  are  arranged  as  tetrads. 

Thii)  organism  cunuot  be  grown  at  a  temperature 
lower  than  tliat  of  the  human  bo<Iy,  and  cultures  that 
have  been  obtained  by  either  of  the  favorable  methods 
are  said  to  lose  their  vitality  when  kept  at  ordinary 
roora-teraperature  for  about  two  days. 

It  is  killed  in  a  few  hours  by  drving. 

Cultures  retain  their  vitality  under  favorable  condi- 
tions of  nutrition,  temperature,  and  moisture  for  firom 
three  to  four  weeks. 

This  organism  is  without  pathogenic  properties  for 
monkeys,  dogs,  and  horses,  as  well  as  for  the  ordinary 
smaller  animaia  used  tor  this  purpose  in  the  laboratory. 


OONOCOCCVS. 


285 


In  man  typical  gouorrhcea  has  l»e(;n  pnMliiPed  on 
seveml  occasions  by  tlie  introduction  into  the  uretlira 
of  pure  cultures  of  this  organism. 

In  addition  to  its  uausal  relation  to  specific  ure- 
thntis,  it  is  the  cauac  of  gonorrlireal  prostatitis  in 
man,  of  gonorrheal  proctitis  in  both  sexes,  and  of  gon- 
orrhceal  inflammation  of  the  uretlira,  of  Bartholin's 
glands,  of  the  cervix  uteri,  and  of  the  vagina  in 
women  and  young  girls.  It  is  ctiologitaiUy  i-elated  to  the 
specific  conjunctivitis  (ophthalmia  neonatorum)  of  young 
infants,  and  also  occasionally  to  ophtlialmia  in  adults. 

Secondarily,  it  is  concerned  in  specific  inflammations 
of  the  tubes  and  ovaries,  of  the  lymphatics  communi- 
cating with  the  gi'Hitalifl,  of  tlio  serous  surfaces  of  joints, 
and  of  those  of  the  heart,  lungs,  and  ul>dominal  cavity. 

OtJier  Bix^cies  of  micrococci  have  from  time  to  time 
been  described  as  occurring  in  the  pus  of  acute  urethritis 
and  of  other  purulent  inflammations.  Many  of  these 
are  of  no  significance.  Some  of  them  possess  peculiarities 
that  might  lead  to  confut^ion.  The  diplococeus  described 
by  Heiman '  has  certain  ]>oints  of  resemblance  to  the 
gonococcus,  such  as  ite  location  in  the  Itndios  of  pns- 
cells,  its  gi-ouping  as  diploc^xx^i,  its  size  and  giuieral  ap- 
pearance ;  but  it  is  still  readily  distinguished  from  the 
gonococcus  by  its  retention  of  color  when  stained  by 
Gram's  method.  The  diplixioccus  detected  by  Buram 
in  puerperal  cystitis  is  likewise  often  found  within  pus- 
cells;  but  it  is  readily  differentiated  from  the  gono- 
coccus by  ite  growth  uymn  ordinary  nutrient  media. 
Dipheocciui  inlracdhdari*  mcriini/iUdlH  of  Wcichsel- 
baum,  isolated  from  the  pus  of  cerobro-spinal  menin- 
gitis,  is  microscopically  also  strikingly  like  the  gono- 

'  New  York  Modiial  Ktcord,  .liiiio  22,  1895. 
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COCCUS  as  it  is  seen  in  pus;  but,  unlike  the  latter 
organism,  may  easily  be  cultivated  by  the  ordinary 
culture-metliods. 

Positive  and  Negative  Distinouishing  pEc;nu- 
AKITIES  OF  the  Gonococx,T8. — Since  gonorrlineal  dis- 
chat^es  may  be  contamituted  with  pyogenic  cocci  other 
than  those  causing  the  specific  inflaiiiuiati(>n,  it  is  im- 
portant in  efforts  to  isolate  this  ot^nism  that  the  dif- 
ferential tests  be  borne  in  mind  and  put  into  practice. 
The  gonococcus  is  diifercntiattid  from  the  commoner 
pyf^nio  organisms  by  the  following  peculiarities: 

First,  it  is  practically  always  seen  in  the  form  of  dip- 
loGocd,  the  pair  of  individual  cells  having  the  appear- 
ance of  two  hemispheres,  witli  the  diameters  opposed 
and  separated  from  one  another  by  a  narrow,  colorless 
slit.  (Ifl  this  the  case  with  staphylococcus  or  strepto- 
coccus pyogenes?) 

Second,  in  gonorrhccal  pus  it  is  practically  always  to 
be  found  within  the  protoplasmic  bodies  of  ])iis-cclla. 
(How  does  this  compare  with  the  conditions  ibund  in 
ordinary  pus?) 

Third,  it  stains  readily  with  the  onlinary  staining- 
reagents,  but  tones  its  color  vhen  treated  by  the  method  of 
Gram,  (Treat  a  cover-slip  from  ordinary  pus  by  this 
method  and  note  the  result) 

Fonrth,  it  does  not  develop  upon  any  of  the  onlinary 
m(Hlia  nso<l  in  the  Inlwirator)- ;  while  the  i-oninion  pns- 
oi^nisms,  with  i>erhai)s  the  exccittiun  nf  the  utrcpto- 
cocci,  are  vigorous  growers  and  arc  not  niarkwlly  fas- 
tidious as  to  their  nutritive  medium. 

Fifth,  when  obtained  in  pun'  cultnre  by  either  of  the 
special  ]mH'e<hires  noteil  almve,  its  cnllivation  may  Imi 
continued   ujmn  the  same  medium ;    but  growth  will 


BACthLUS  PTOCYANBUS. 


287 


usually  not  be  observed  if  it  is  tmnsplanteii  to  ordi- 
nary tiiitrieiit  gelatin,  agar-agar,  bouillon,  or  potato; 
slioutil  it  grow  under  these  ciruuiiistanoes  its  develo}>- 
ment  will  be  very  feeble,  (Is  tliis  the  ease  with  com- 
mon pus-produeers  i?) 

Sixth,  it  has  no  patht^nie  properties  for  animals, 
while  several  of  the  pyogenic  cocci,  notably  staphifto- 
coccus  aureus  and  streptocotxus  pyogenes,  are  usually 
capable  of  exciting  pathological  conditions.  (This  is 
less  commonly  true  of  streptococcal  jtyogmea  than  of 
staphyioeoccas  aureus^ 

BACILLUS    PYO(^YANEUH  (BACILLUS   OP   GREEN    PUB). 

Another  common  orgauisni  that  may  properly  be 
mentioned  at  this  place,  though  perhaps  not  strictly 
pyogenic,  is  a  liacillus  frequently  found  in  dischai^cs 
from  wounds,  viz.,  bacillus  pyoct/aneua,  or  bacillus  of 
green  pus,  or  of  blue  pus,  or  of  blue-green  pus,  as  it 
is  commonly  called.  BacUhu  pifoci/aneue  is  a  deli- 
cate rod  with  rounded  or  poinUnl  ends.  It  is  actively 
motile;  does  not  form  spores.  As  seen  lu  preparations 
made  from  cultures  it  is  comniouly  clustered  in  irreg- 
ular masses.  It  does  not  form  long  filaments,  there 
being  rarely  more  than  four  joined  end  to  end,  and 
most  frequently  occurs  as  single  cells. 

It  grows  readily  on  all  artificial  media,  and  gives  to 
Borne  iif  them  a  bright-green  color  that  is  most  conspic- 
uous where  it  is  in  contact  with  the  air.  This  green 
color,  which  becomes  more  and  more  marked  as  growth 
adTonces,  is  not  seen  in  tlio  groMfth  itself  to  any  extent, 
bat  is  difliised  tlirongh  the  medium  on  which  the  organ- 
ism is  developing.  Ultimately  this  color  bci-omes  much 
darker,  and  in  very  old  agar-agar  cultures  may  become 
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almost  black  (sometimes  very  clurk-blue  greeD,  at  otliere 
brownisli-blaok). 

Its  growth  iiu  gelatin  in  stab-cultures  is  accompaiiird 
by  liquefaction  and  tbe  diffusion  of  a  brighti-gr(x.'n  color 
tbrougliuut  the  surrounding  unliquetied  mcdinm.  As 
liquefaction  continues,  and  tlic  whole  of  tlic  gelatin 
idtiniately  becomes  fluid,  the  green   color  is  confined 
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to  tlie  suitorfieiul  layers  in  contact  with  the  air.  The 
form  taken  by  tbe  liquefying  portion  of  the  gelatin  in 
the  earliest  stages  of  development  is  somewhat  that  of 
an  irregular,  slender  funnel.     (See  Fig.  68.) 

On  gelatin  plates  the  colonies  develop  rapidly ;  they 
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are  not  sharply  circuniHcribeti,  but  usually  present  at 
(irst  a  friuge  of  delicate  filanieutB  about  their  periphery. 
(See  J'ig.  59.)  As  growth  progresses  and  liquefaction 
becotnea  more  advanced  the  central  mass  of  the  colony 
sinks  into  the  liquid,  while  at  the  same  time  there  is 
an  extension  of  the  colony  lat<>rally.  At  this  st^e  the 
colony,  when  slightly  magnified,  may  present  various 
appearances,  the  most  common  being  that  shown  in 
Fig.  60. 

The  gelatin  between  the  growing  colonies  takes  on  a 
liright  yellowish-green  color ;  but  as  growth  is  compar- 
atively rapid,  it  is  quickly  entirely  liquefied,  and  one 
often  sees  the  colonies  floating  alx>ut  in  the  pale-green 
fluid. 

On  agar-agar  the  growth  is  dry,  sometimes  with  a 
slight  metallic  lustre,  and  is  of  a  whitish  or  greenish- 
white  color,  while  the  surrounding  agar-agar  is  bright 
green.  With  time  this  bright  green  becomes  darker, 
passing  into  bliie-^freen,  and  finally  turns  almost  black. 

On  potato  the  growth  is  brownish,  dry,  and  slightly 
elevated  above  the  snrfiice.  In  some  cultures  the 
potato  about  the  line  of  growth  becomes  green ;  in 
others  this  change  is  not  so  noticeable.  With  many 
cultures  a  pecidiar  phenomenon,  consisting  of  a  change 
of  color  from  brown  to  green,  may  be  produced  by 
lightly  touching  the  growth  with  a  sterile  platinum 
needle.  The  change  occurs  only  .it  the  [wint  touched. 
It  is  best  seen  in  cultures  that  have  been  kept  in  the 
incubator  for  from  si'venty-two  to  ninety-six  hours.  It 
occurs  in  from  one  to  three  minutes  arter  touching  with 
the  needle,  and  may  last  from  ten  minutes  to  half  an 
hour.  This  is  the  "chameleon  phenomenon"  of  Paul 
Ernst. 
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Id  bouilloa  the  green  color  appears,  an<l  the  growth 
is  seen  in  the  form  of  delicate  flocculi.  A  very  delicate 
mycoderma  is  also  produced. 

In  milk  it  causes  an  acid  reaction,  with  coincident 
coagulation  of  the  casein. 

On  blood-sertim  and  cgg-albumiu  its  growth  is  ac- 
companied hy  liquefaction.  The  growth  on  coagulated 
e^-albumiu  is  seen  as  a  dirty-gray  deposit  surrounded 
by  a  narrow  brownish  zone;  the  remaining  portion  of 
the  medium  is  bright  green  in  color.  As  the  culture 
becomes  older  the  green  may  give  way  to  a  brown  dis- 
coloration. 

In  peptone  solution  (double  strength)  it  causes  a 
bluish-green  color.  In  one  of  four  cultures  froui  differ- 
ent sources  we  observed  the  produetion  of  a  distinct 
blue  color. 

It  produces  indol. 

It  stains  with  the  ordinary  dyes,  and  its  flagella 
may  be  readily  donionstratfKl  by  liJiltlcr's  nieth<Ki  of 
staining. 

IwK^ULATiON  iXTii  AxiMAi.s — As  a  rulo,  cultures 
of  this  organism  obtiiincd  diR-ctly  froui  the  diseliai^s 
of  the  wound  are  ca|)able,  when  iulnxhiied  into  ani- 
mals, of  producing  diseased  conditions ;  but  cultures 
kept  ou  artificial  mc^lia  for  a  long  time  may  iu  I>art,  or 
completely,  lose?  this  power. 

When  guinea-pips  or  rabbils  are  inoculated  f^ubcuta- 
neously  with  ]  c.o.  of  virulent  fluid  imlturi's  of  this 
org-anism,  death  usually  results  in  from  eifihtccn  to 
thirty-six  hours.  At  the  seat  of  iikh  ulation  thcrt'  are 
found  an  extensive  purulent  iullltr-.iliou  of  the  tissues 
and  a  uiarke{|  none  of  iiiHamnmtDry  (itlenia. 

M'lu-n  introihieed  directly  into  the  ixritoueal  ciivity 
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the  results  are  also  fatal,  and  at  autopsy  a  genuine 
fibrinous  perittniitie  is  founil.  There  is  usually  an  ac- 
cumulation of  serum  in  Imtli  the  peritoneal  and  pleural 
cavities.  At  auto[>sics  after  both  methods  of  inocula- 
tion the  oi^niums  will  l«  founil  in  pure  cultures  in 
the  blood  and  internal  viscera. 

When  animals  are  inoculat^^K^l  with  small  doses  (l^ss 
thau  1  c.c.  of  a  bouillon  culture)  of  this  organism  death 
may  not  ensue,  and  only  a  local  inflammatory  reaction 
(abBcess-formation)  may  be  set  np.  In  these  cases  the 
animals  are  osually  protected  against  subsequent  inocu- 
lation with  doses  that  would  otherwise  prove  fatal. 

Most  interesting  in  connection  with  bndUua  pytxy- 
anetts  is  tlie  fact,  as  brought  out  in  the  experiments  of 
Bouchard,  and  uf  Charrin  and  others,  that  its  pro<Iuets 
possess  the  power  of  counteracting  the  pathogenic  ac- 
tivities of  bacilliut  anthracis.  That  is  to  say,  if  an 
animal  be  inoculated  with  a  virnleut  anthrax  culture, 
and  soon  after  be  inoculated  with  a  cnltnre  of  bnciUujt 
pj/oet/aturmt,  tlie  fatal  effects  of  the  former  inoculation 
inny  I>e  prevented.  Emmerich  andljow'are  inclined 
to  attribute  this  to  the  direct  bacteriolytic  action  of  the 
pyocyaneus  emymes  upon  the  anthrax  bacilli  introduced 
Into  the  tissues. 

In  the  literature  upon  the  grRen-jinKlucing  organisms 
&at  have  been  found  in  inflanmial^iry  conditions  sev- 
nl  varieticij — believed  to  be  distinct  species — have 
len  dcM^rilied  ;  but  when  cultivate<l  side  by  side  their 
Hologic-al  differences  are  seen  to  be  so  slight  as  to  ren- 
fer  it  probable  that  they  are  but  moililications  of  one 
Uid  the  same  species. 

1811S,    No.    W :  Cptitralblott  fur 
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THE    BACILLUS   OF   BUBONIC   PLAQUE. 

Before  passing  fnini  the  subject  of-  suppuration  it 
may  not  be  inappropriate  to  call  attention  to  the  light 
that  modern  methods  of  investigation  )iavc  shed  upon 
the  etiology  of  bubonic  plague,  an  epidemic  disease 
characterized  by  suppuration  of  the  Iymi>hatic  glands, 
and  accom]mnied  by  a  verj'  high  rate  of  mortality. 

This  pestilence,  probably  endemic  in  certain  sections 
of  the  Orient,  is  one  of  the  most  conspicuous  epidemic 
diseases  of  history.  Since  early  in  the  Christian  era  epi- 
demics and  pandemics  of  plague  have  made  their  appear- 
ance in  Euroi)e  at  different  times.  During  and  for  a  time 
after  the  Middle  Ages  it  was  more  or  less  frequent  in 
India,  China,  Arabia,  Northern  Africa,  Italy,  France, 
Germany,  and  Great  Britain.  In  hist<)ry  it  is  variously 
known  as  the  "Justinian  Plague"  of  the  sixth  century, 
tlie  "Black  Death"  of  the  fonrtwnth  (vntury,  and  the 
"  Great  Plague  of  London  "  of  the  seventeenth  <rentury, 
though  it  is  difficult  to  say  to  what  extent  these  ]>csti- 
lenccs  were  uncomplieiifed  nmiiifcstations  of  genuine 
bubonic  plague.  During  the  existence  of  the  Justinian 
Plague  10,()00  peojile  an:  said  to  have  died  in  Con- 
stantinople in  a  single  day,  and  llecker  estimates  that 
during  the  jKnidcmie  of  the  Black  Dcalli  ''o.tHMMXK) 
people  (a  cpiarter  of  the  entire  po|»iilatic)n  of  Kurop<') 
succumbed  hi  the  disease.  During  tlic  (Jrviit  I'higue 
of  I^indon  (lt!()4-'(i-5}  the  total  mortality  flir  one  year 
was  68,500,  out  of  an  estimated  pojmlation  of  4liO,0()0 

BOuls. 

It  is  not  suq>rising  to  Icam  that  it  \V[is  to  guard 
■gainst  the  plague  that  quarantine  rcgulali^iiis  were 
first  eBtablislicd. 
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The  first  and  certainly  the  most  exact  iiilbrmation  i 
tip  to  date  coiiceming  the  cause  and  jtatholi^y  of  thi^i 
phigiic  resulted  trom  the  iuvestigationa  of"  YiTsiD,  of 
Kitasato,  and  of  Aoyama,  condiictt-d  during  the  epi- 
demic of  1894  in  Hong-Kong,  China ;  though  since 
then   numerous  other  investigators   have   made  addi- 


*•  •^  ».«#  '*  / 


tional  important  oontributions  to  onr  knowledge  of 
tlie  snlyect,  Tlic  resulU  of  these  studies  indicate  tliat 
bubonic  plague  is  an  infectious,  not  markedly  con- 
tagious, disease  that  depends  for  its  existence  njwn  the 
present*  in  the  tissues  of  a  specific  micro-orgntiism — 
the  so-called  phigue  or  pest  bacilliia. 
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This  organism  is  deatribed  as  a  sliort,  oval  Ijat;i11ug, 
usually  w,f  n  single,  sometimes  jointil  t-nd  to  cud  Id  pairs 
or  threes,  less  ooninionly  as  longer  threads.  It  stains 
more  readily  at  its  ends  than  at  its  cvntre.  It  is  some- 
times capsulated ;  is  non-spore-formiiig ;  is  aerobic,  and 
is  nou-motile.  It  is  found  in  large  numbers  in  suppu- 
rating glands,  and  in  much  smaller  numbers  in  the  cir- 
culating blood.     (Fig.  01.) 

It  is  demoustrahle  in  cover-slip  preparations  made 
from  the  pus  and  in  sections  of  the  glands  by  the  ordi- 
nary staining-metliods. 

Wilm  '  lias  found  it  by  culture  methods  in  the  spleen, 
lungs,  liver,  kidneys,  stomach,  walls  of  the  intestine, 
urine,  and  intestiiiul  coutenta  of  fresli  cadavers ;  and 
during  life  in  the  blood,  expcctonitioii,  fieces,  and  urine 
of  patients  sick  of  plague.  He  failed  to  find  it  in  the 
perspiration. 

Yersin  states  that  it  does  not  retain  the  color  when 
treated  by  the  mt'tliod  of  Gram;  while  Kitasato  says 
that  it  nt  one  time  stains  by  this  method  and  at  another 
it  becomes  decolorized.  Aoyama  observed  that  those 
bacilli  within  the  suppurating  glands  were  docolorij»d, 
while  tliose  in  the  bltHjd  retained  the  stain  when  treated 
by  Gram's  method. 

Since  there  is  often  a  mixed  infet^tion  in  these  cases, 
it  appears  likely  that  the  above  disereiKiney  may  be 
attributed  to  individual  (Kftiliaritics  of  different  species 
of  bact4.Tia  that  ^vere  under  examination,  an  opinion 
that  is  bonie  out  by  more  recent  studies,  from  which  it 
has  been  decided  that  the  genuine  plague  or  pest-bacillus 
does  not  stain  by  Gram's  method. 

It  may  be  cultivated  upon  ordinary  nutrient  media, 
■  WUm ;  Uf  ifieniscLc  Bandaeliaa.  ISST,  p.  217. 
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though  preference  is  given  to  a  neutral  or  slightly 
alkaline  2  per  cent,  peptone  solution  containing  from 
1  to  2  pep  cent  of  gelatin. 

The  most  favorable  temperature  for  its  growth  is 
between  36°  and  39°  C.  Ita  colonies  on  glycorin-agar- 
agar  and  on  coagulated  blood-aerum  are  described  na 
iridescent,  transparent,  and  whitish.  On  gelatin  at 
18''-20°  C.  it  develops  as  small,  sharply  defined,  white 
Goloniee  without  liquefaction  of  tlie  m<Klium.  lu  stalj- 
cultures  it  develops  both  on  the  siirlace  and  along  the 
track  of  the  needle.  Its  growth  is  slow.  It  does  not 
eausc  a  diffuse  clouding  of  bouillon,  but  grows  rather 
as  irregular,  floeculent  clumps  that  adhere  t«  the  sides 
or  sink  to  tht>  bottom  of  the  voaBcl,  lenviog  the  fluid 
clear.  It  shows  but  limited  growth  on  potafai.  It  does 
not  ferment  glucose  with  production  of  gas,  nor  does  it 
form  indol.     It  congidat««  milk. 

This  organism  is  killed  by  drying  at  ordinary  room- 
temperature  in  four  days.  It  is  killed  in  three  to  four 
hours  by  direct  sunlight.  It  is  destroyed  in  a  half  hour 
by  80°  C,  and  in  a  few  minutes  by  10()°  C,  (steam). 
It  is  killed  in  one  hour  by  1  pi^r  cent,  carbolic  acid 
and  in  two  hours  by  1  per  cent,  milk  of  lime. 

It  is  pathogenic  for  rats,  mice,  guinea-pigs,  rabbits, 
hogs,  horses,  monkeys,  cats,  chickens,  and  pparrowa. 
Pigeons,  hedgehogs,  and  frogs  arc  immnne,  and  doga 
and  bovincri  are  apparently  so.'  Animals  succumb  to 
subcutaneous  intx<ulation  in  from  two  to  three  days. 
According  to  Yersin,  the  site  of  subentaneons  inocu- 
lation becomes  tedeniatous  and  the  neighboring  lym- 
phatics are  enlarged  in  a  few  hours.     AlWr  twenty-four 

'  Nuttall :  Cenlralblutt  fur  Bakteriolopie  nnd  I^mitenlmiide,  1807, 
AbL  i.,  Bund  xxii.p.in. 
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and  it  it;  said  that  from  slowly  developing,  chroiiic 
l>ul>OGS  non-virulent  or  feebly  virulent  cultures  are 
often  obtained.  Variations  in  the  degree  of  virulence 
liavu  been  observed  in  different  colonies  from  the  same 
source.  Virulence  is  said  by  Yersin,  Calraette,  and 
Ikiirel '  to  be  accentuated  by  passing  the  organifmi 
through  a  series  of  susceptible  animals. 

In  man  the  bacilli  are  most  numcnnis  in  the  en- 
larged, suppurating  lymphaties.  They  are  present,  but 
in  smaller  numbers,  in  the  blocxl  and  the  internal 
organs. 

It  has  been  observed  that  in  the  suppurating  lym- 
phatic glands  of  man  a  varit-ty  of  organisms  may  be 
present,  but  among  them  are  always  the  plague  bacillus. 
Occasionally,  microc(K!ci  predominate.  In  these  cases 
of  mixed  infection  the  pest  bacilli  are  said  to  stain  less 
intensely  with  alkaline  methylene-blue  than  do  the 
streptococci,  and  more  intensely  than  do  tbe  staphylo- 
cocci that  are  present.  Also,  in  this  event,  the  strepto- 
cocci retain  the  Gram  stain,  while  the  pest  bacilli  do  not 
and  the  Btaphylococci  may  or  may  not.  It  has  been 
suggested  that  possibly  the  organisms  found  by  Kitasato 
in  the  bloo<!,  and  which  he  dest-ribea  as  pest  bacilli, 
that  retained  tbe  color  when  treated  by  tlie  method  of 
Gram,  were  pairs  of  micrococci,  and  not  bacilli  at  all. 

It  is  the  opinion  of  Aoyama  that  the  suppuration  of  Jiufamm 
the  glands  is  not  caused  by  the  plague  bacillus,  but  ""/fj/  ^jm 
rather  the  result  of  the  action  of  the  pyogenic  cocci  •  f^/  1 
with  which  it  is  so  oft*?n  associated.  It  is  also  his 
belief  that  the  most  important  and  frequent  mode  of 
infection  in  man  is  through  wounds  of  tbe  skin.  He 
does  not  regard  cither  the  air-jiassagcs  or  the  alimentary 

>  AuDftlea  dc  1'Itistitut  Pasteur,  1M!I5,  p.  589, 
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tmct  as  Iruqiit'iit  portals  of  iufectioii.  Wilm,  on  the 
(contrary,  is  inclined  to  regard  the  alimentary  tract  as  a 
frpqiient  portal  of  infection.' 

The  order  in  which  the  lymphatics  manifest  disease 
appears  to  depend  upon  the  location  of  the  primary 
infection.  Tliat  is  to  say,  if  it  is  upon  the  Icet,  as  of 
persons  who  go  barefooted,  the  superficial  and  deep 
inguinal  glands  are  the  first  to  show  signs  of  tlie  dis- 
ease; while  if  infection  occurs  through  wounds  of  the 
hand,  the  buboes  appear  first  in  the  axillary  region. 
As  a  rule,  the  wound  through  \vhich  infection  is  re- 
ceived shows  little  or  no  infiammalory  reaction.' 

Wyssokowitz  and  Zabolotny'  call  attenlion  to  the 
fact  that  the  blood  of  patiente  convalescing  from  plague 
has  an  agglutinating  action  ujMjn  fluid  cultures  of  the 
plague  bacillus  analogous  to  that  observed  when  tho 
blood-aeruni  of  typhoid  or  of  cholera  patients  is  mixed 
with  similar  cultures  of  the  typhoid  or  the  cholera 
bacillus. 

Ycrsin,  Calmette,  and  Borrel '  have  demon^trat^'d  ibat 
the  general  principles  underlying  the  cstablif;linicnt  of 
artificial  immunity  apply  as  well  to  this  disease  aa  to 
a  number  of  others.  They  have  shown  that  by  the  use 
of  dead  cultures  {destroyed  by  heiit)  of  the  plagne 
bacillus  animals  may  be  rendered  immune  from  infec- 
tion by  the  virulent  Hvinp  orpanism.  They  have  also 
shown  that  the  serum  of  the  blood  of  these  animals  is 

'Wilm;  loc-cit. 

'The  works  at  Yeisln.  of  Kilasnto.  iinil  uf  Aoyaina  bnvr  been  ex- 
bninllvely  reviewed  by  Fleimr  id  the  IluHplin  of  the  Jolins  Hnpkini 
HosiiiUI.  ISM,  vol.  V.  p.  90,  &nd  1896.  vol.  vii.  p.  180.  I  bid  indebted 
U)  tbcw  reviews  foi  inoeh  tbat  a  hen  presenlcd  on  this  EatOeoU 

'Annales  da  I'lnstitut  PasLour,  1897,  p.  66a 

'Gbenda.  189G,  p.SSS. 
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Dot  only  ca])able  of  coDferring  immunity  upon  other  ani- 
mals into  which  it  is  injected,  but  it  has  curative  proper- 
ties as  well,  providing  it  be  employed  at  an  early  stage  of 
the  disease.  In  1896  Yersin'  used  the  serum  of  arti- 
ficially immunized  horses  in  the  treatment  of  plague 
in  human  beings.  Of  26  persons  (3  in  Canton  and  23 
in  Amoy,  China)  who  received  injections  of  the  serum 
during  the  early  stages  of  the  disease,  in  no  case  later 
than  the  fifth  day,  only  2  died.  Comparing  this  mor- 
tality of  7.6  per  cent,  with  the  mortality  of  80  per  cent, 
among  persons  in  this  epidemic  who  were  treated  in 
other  ways,  he  feels  justified  in  regarding  the  method  as 
worthy  of  consideration, 

I  Kbcnda,  1697,  p.  61 . 
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Ohtais  from  a  tuberculous  patient  a  sample  of  fresh 
gpiitum — that  of  the  morning  is  preferable.      Spread 
it  in  a  thin  layer  upon  a  black  glass  plate  and  select 
one  of  the  small,  white,  cheesy  musses  or  dense  rau- 
cous clumps  scatteretl  through   it.      With   a   pointed  J 
fopceijs  smear  this  carGfnlly  upon  two  op  threu  thio  I 
cover-slips,  dry  ami   lis  them   in  the  way  given  for  I 
ordinary   cover-slip   preparations.      Stain    one   in   the  J 
ordinary  way  with   Liiffler's  alkaline   metliylene-blue  >l 
solution,  one  other  by  the  Gram  method,  and  a  third  I 
afler  the  metliod  given  for  tubercle  bacilli  in  fluids  or  ■ 
sputum. 

In  that  stained  by  Loffler's  method — slip  No.  1—  i 
will  be  seen  a  great  variety  of  organisms — round  cells, 
ovals,  short  an<l  long  rods,  perhaps  spiral  forms.     Bat 
not  infrequently  will  be  seen  diplococci  having  more  . 
or   less  of  a   lancet  shape,  joined  together  liy   their 
broad  ends,  the  points  of  the  lancet  being  away  from 
the  jwint  of  juncture  of  the  two  cells.     There  may 
also  be  seen  masses  of  cocci  which  are  conspicuous  by 
their  arrangement  into  groups  of  fours,  the  adjacent 
surfaces  Iwlng  somewhat  flattened.     They  are  not  s 
cina,  as  one  can  see  by  the  absence  of  the  division  in  J 
the  third  direction  of  space — they  divide  in  only  two  4 
directions. 
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Iq  the  slip  stained  by  the  Gram  method  the  irame 
groups  of  coeei  which  grow  as  tlirecs  and  fours 
will  be  seen;  but  the  1anc(!t-shu]>ed  diplotrocci  now 
present  an  altered  appearance — they  are  usually  sur- 
rounded by  a  capsule.  This  capi^ule  is  very  deli- 
cate in  structure,  and,  though  u  frequent  aeconipani- 
mcnt,  is  not  constant.  It  ean  soioetinieii  be  denion- 
fitmU!d  by  the  ordinary  methods  of  staining,  though 
the  nicfchiKl  of  Gram  is  most  satisfactorj-.     (Fig.  63.) 

In  the  tliini  slip,  which  has  been  stained  by  the 
method  given  for  tubercle  bacilli  in  sputum,  if  deenlor- 
ization  has  been  projierly  condu<;ted  and  no  contrast- 
stain  has  been  employed,  the  field  will  be  cclorlcss  or 
of  only  a  very  pale  rose  color.  None  of  the  numerous 
organisms  seen  in  the  first  slip  can  now  be  detected; 
but  instead  there  will  be  seen  scattered  through  the 
field  veiy  delicate  stained  rods,  which  present,  in 
most  instances,  a  conspicuous  beading  of  their  pro- 
toplasm— ttiat  is,  the  staining  is  not  homogeneous, 
but  at  tolerably  regular  intervals  along  each  rod  are 
seen  alternating  stained  and  unstained  iHiints.  These 
rods  may  bo  found  singly,  in  groups  of  twos  and  threes, 
and  sometimes  In  chinip!]  consisting  of  large  numbers. 
When  in  twos  or  threes  it  is  not  uncommon  to  find 
them  describing  an  X  or  a  V  in  their  mode  of  arrange- 
ment, or  again  they  may  be  seen  lying  parallel  the  one 
to  the  other. 

If  contrast-stains  are  used,  these  rods  will  Ije  detected 
and  recognized  by  their  retaining  the  original  color 
with  which  they  have  been  stained ;  whereas  all  other 
bacteria  in  tlie  preparation,  as  well  as  the  tissue-cells 
which  arc  in  tlip  sputum,  will  take  up  the  contrast- 
color.     (Fig.  62.) 
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This  delicate  beaded  rod  is  bacillus  tuberculosis.    The 
lancet-shaped  diplococcus  with  the  capsule  is  micrococcus 

Flti.  62. 


•  •     .'',      .-9      if 

•         I       V. 


/»  >^     ^         ■■•■•.•,  . 

/ 

Tuberculous  sputum  stained  by  Gabbett's  method.    Tubercle  bacilli  seen  as 

red  rods ;  all  else  is  stained  blue. 

lanceolatus.  The  cooci  grouped  in  fours  are  micrococcus 
tdragemui. 

Inoculation  Exi»ERr>fENT. — Inoculate  into  the 
sul)cutaneous  tissu(»s  of  a  guinea-i)ig  one  of  the  small, 
white,  caseous  masses  similar  to  that  which  has  been 
examined  mi(Tosc()pically.  If  death  ensues,  it  will,  in 
all  probability,  bo  the  result  of  one  of  the  three  follow- 
ing forms  of  infection  : 

a.  Septicaemia  *  resulting  from  the  introduction  into 
the  tissues  of  an  orgiuiism  freciucntly  ])ros(»nt  in  the 
sputum.  It  is  (losignat^nl  variously  as  iiii(T(K*occus  of 
sputum  septicjcmia,  diploi^occus  pneumonUr,  pnoumo- 
ooccus  of  Friinkel,  meningo(;(KH*us,  f^frrpfocorcus  fan- 
ceolalus  Pastenrl^  micrococcus  fauccolafufi,  micrococcus 
Pasteuriy  covciis  lanccolatitSy  bacillus  Halivarius  sepiicusy 

*  Septicjrmia  is  that  form  of  infection  in  which  the  blood  is  the  chief 
field  of  activity  of  the  organisms. 
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badUits  septiciiB  sputigenus,  diplocix-cus  lanoeolatua  cap- 
suiabiH,  mieroao<»iu»  pneiimtmwE  croiiprmiF. 

h,  A  form  of  aeptictemia  rcaultiiig  from  invasion 
of  the  tissui^  by  an  organism  frvqui'iitly  seen  iti  the 
gputum  of  tul»crctilou8  subjects.  It  is  characterized 
by  its  tendency  to  divide  into  foiira.  It  is  micro- 
coccus telrayemta. 

e.  Local  or  general  tuberculosis. 

a.  SPUTUM   SEPTICEMIA. 

If  at  the  end  of  twenty-four  to  thirty-six  hours  the 
animal  be  found  dead,  we  may  rcsisoualily  predict  that 
tlie  result  was  produced  by  the  introduction  into  the  tis- 
sues of  the  oi^uism  of  sputum  septicceraia  above  men- 
tioned, viz.,  mierococKsua  lanceotatux,  which  is  not  uncom- 
monly found  in  the  mouths  of  healthy  individuals  as 
well  as  in  otht'r  conditions. 

Inspection  of  the  seat  of  inoculation  usually  reveala 
a  local  reaction.  "  Tlila  may  be  of  a  serous,  fibrinous, 
hemorrhagic,  necrotic,  or  purulent  cliaracter.  Fre- 
quently we  may  find  combinations  of  thi«e  conditions, 
such  as  fibro-piinilont,  fibrino-seroua,  or  sero-hemor- 
rliagic." '  The  most  conspicuous  naked-eye  change 
undcT^ne  by  tbo  internal  organs  will  Imj  enlai^ment 
of  the  spleen.  It  is  usually  swollen,  but  may  at  times 
be  normal  in  appearance.  It  is  sometimes  hani,  dark 
re<l,  and  dry ;  or  it  may  be  soft  and  rich  in  blood.  Fre- 
quently there  is  a  limited  fibrinous  exudation  over  por- 
tions of  the  peritoneum. 

Except  in  the  exudations,  the  organisms  are  found 
only  in  the  Inmen  of  the  bloodvesseliS,  where  tliey  are 
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usually  present   in  enormous  numbers.     In  the  blood 
they  are  practically  always  free,  and  are  but  rarely  tbimd  j 
within  tile  bodies  of  leucot^ytt-s. 

In  stained  preparations  fnim  the  blood  and  exudate 
a  capsule  is  not  infrequently  seen  surronndinfi  the  oi^ 
isms.     (Fig.  63.)     This,  however,  is  not  constant. 


IH. 


]  by  metbod  of  Gian, 

If  a  drop  of  LIixkI  from  the  dead  animal  be  intro-   ' 
duecd  into  the   tit^ucR  of  a  sorond  animal  (mouse  or  J 
rabbit),  identically  the  same  conditioue  will  be  repro 
diiecd. 

If  the  oi^nism  be  isolated  in  pure  culture  from  t 
blood  of  the  animal,  and  a  portion  of  this  culture  be* 
intrixluced  into  the  tissues  of  a  susceptible  animal,  i 
we  shall  sec  agnin  the  same  patbolc^'t^l  picture. 

It   must    be   rcmemliered,   however,   that    this   or-  | 
ganism  when  cultivated  for  n  time  on  artificial  media 
rapidly  loses  its  pathogenic  properties.     If,  therefore, 
failure    t«    rcpnxluee    the    disease    after    innenlation^ 
with  nhl  cultures  should  occur,  it  is  in  nil  probabllityJ 
dnc  to  a  loss  of  virulence  of  the  organism. 
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This  oi^iiisin  was  tiiscovcrcd  liy  .SUTul>ei^  in  1880, 
It  was  3iil>seqti»intly  (Iei«:ribctl  by  A.  Frankel  ob  the 
etiological  factor  iii  the  production  of  acute  iibrinous 
pneumonia. 

It  is  not  uucoDinionly  present  in  tlic  saliva  of  hettlthy 
individimls,  having  been  fotuid  by  Sternberg  in  the  oral 
cavities  of  about  20peroont.uf  healthy  personii  examined 
l>y  him,  aud  certain  authors  are  of  the  opinion  that  it 
otwiirs  in  the  oral  or  na^al  cavities  of  all  individuals 
at  various  times  diu-ing  life.  It  is  constantly  to  be 
detected  in  the  rusty  sputtini  of  patients  suHering  from 
acute  fibrinous  pneumonia.  Its  presence  liaif  been  de- 
tected in  the  middle  esir,  in  tlie  [)eri<rardial  sac,  in  the 
ploiim,  unil  in  tho  Keroiia  cavities  of  the  hraiu ;  and 
indcetl  it  may  jieuetrate  from  its  usual  site  of  develop- 
ment in  the  mouth  to  any  of  t)ie  more  distant  organs. 

The  orgauiisni  is  commonly  foimd  as  a  diploeoc(^ua, 
though  here  and  there  short  chuin»  of  fonr  to  six  indi- 
viduals may  be  doteetcd.  (Fig.  63.)  The  individual 
cells  are  more  or  less  oval,  or,  more  strictly  speaking, 
lancet-shaped,  fur  at  one  end  they  are  eomnionly  pointed. 
When  joined  in  pairs  the  junction  is  always  at  the 
broad  ends  nf  tlie  ovals,  never  at  the  pointed  extremities. 
When  in  ehtiins  only  the  terminal  cells  are  pointed,  and 
then  at  their  distal  extn-niities. 

As  already  stated,  in  preparations  directly  from  tlie 
sputum  or  from  the  blood  of  animals  a  delicate  capsule 
may  frequently  be  wen  snrmnnding  them.  Though 
fiiirly  constant  in  preparations  directly  from  the  blood 
of  animals  and  from  the  sputum  or  lungs  of  pneumonic 
patients,  the  capsule  is  but  rarely  obser\'ed  in  artificial 
cultures.  Occasionally  in  cultures  on  blood-serum,  in 
milk,   and   on    agar-agar   it    can,   according  to   some 
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aiitliori4,  be  (luU-'ctixl ;  but  this  k  by  mi  lucaa!^  constant, 
or  even  frequent. 

Even  tinder  the  most  favorable  artJtioial  conditions 
this  organism  grows  but  slowly  and  frequently  not  at 
all. 

When  successfully  grown  upon  the  different  media  it 
presents  soniewlmt  the  folluwiug  appearances: 

On  gelatin  its  development  is  very  linjitetl  and  often 
no  gituvth  at  all  ocrure.  This  is  probably  due  in  part 
to  the  low  temperature  at  which  gelatin  cultures  must 
Im!  kept.  If  development  occurs,  the  growth  appears 
as  minute  whitish  or  blue-white  points  on  the  plates. 
These  very  small  colonies  are  round,  finely  granular, 
eharply  circumscribed,  and  slightly  clovatcd  alx>ve  the 
surface  of  the  gelatin.  They  do  not  cause  liquefaetion 
of  the  gelatin. 

If  grown  in  slants  or  stal>-cuUurcs,  the  surfaee-devel- 
opnient  is  very  limit«l;  along  the  needle-track  tiny 
whitish  or  bhiish-whitc  granules  appear. 

On  nutrient  agar-agar  the  colonies  are  almost  tranfr- 
parent,  more  or  less  glistening,  an<l  very  delicate  in 
structure.  On  blood-serum  devebipnient  is  more 
marked,  though  still  extremely  feeble,  appearing  as 
n  cluster  of  isolated  fine  points  growing  closely  side  by 
aide. 

Growth  on  potato  is  not  usually  obsi-rved. 

When  grown  in  milk  it  commonly  (auses  an  acid 
reaction  with  coincident  coagTdation  of  tlie  casein. 
Some  varieties,  esjiecially  non-virulent  ones,  do  not 
coagulate  milk.' 

It  is  not  motile. 

It  grows  best  at  a  temperature  of  from  35°  to  38°  C. 
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Below  24"  C,  there  is  usually  no  dcvcidpiuent,  but  in  a 
few  cases  it  Las  btt'ii  se^n  t«  gniw-  at  as  low  a  tempera- 
ture as  18°  C     Above  42°  C.  development  ia  checked. 

It  grows  as  well  without  as  with  nxygen.  It  is 
therefore  one  of  the  facultative  anaei'obic  forms. 

Cultivation  of  thin  orgauism  is  most  niiccessful  when 
tlie  agar-agar-gelatin  mixture  of  Uuamiari  is  employed. 
(See  this  medium.) 

It  may  be  titained  with  the  ordinary  aniline  staining- 
rcagenta.  For  demonstrating  the  cajteule  the  method 
of  Gram  and  the  acetic-acid  method  give  the  best  re- 
sults.    (See  Staioings.) 

This  organism  is  conspicuous  for  the  irregularity  of 
ite  behavior  when  ^rown  under  artificial  nnnditionfl! 
usually  it  loses  its  jMilhogenic  properties  after  a  few 
generations;  but  again  this  peculiarity  may  be  retained 
for  a  much  longer  time.  Not  rarely  it  fails  to  grow 
after  three  or  four  tram^plantattons  on  artificial  media, 
though  at  times  it  may  be  carried  through  many  gen- 
erations. 

In(X"ui.ation  into  Animai*. — The  results  of  inocu- 
lations with  pure  eultures  of  this  organism  are  also  con- 
spieuous  for  their  irregtilari^.  When  the  organism  Id 
of  full  virulence  the  form  of  scpticiemia  just  dt^seribcd 
is  usually  produced,  hut  at  times  it  is  found  to  br  totally 
devoid  of  pathogenic  powers :  Iwtwecn  these  extreni(« 
cultures  may  l>e  obtained  possessing  every  variation  in 
the  intensity  of  their  disease-producing  properties. 
The  principal  pathological  conditions  that  may  be  pro- 
duced by  the  inoculation  nf  suM^ptiblc  aniniaU  with 
this  oi^nism  are,  according  to  the  degree  of  its  vini- 
lence,  acute  scptictpmia,  spreading  inilaiiinifttory  cxuda- 
tioiig,  and  circumscribed  abscesses.     All  t)iriH>  of  thcNO 
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conditions  may  sometimes  be  proiluceti  by  iuo«'uIating 
rabbits  with  the  sumo  cultures  in  var^'lng  amounts. 

Rabbits,  mice,  guiiiea-piga,  dugs,  rats,  eals,  and  sbeep 
are  susceptible  to  infection  by  this  oi^nism.  ChickeuB 
and  pigeons  are  insusceptible.  Young  animals,  as  a 
rule,  are  more  t'onily  infect^  than  old  ones.  Itabbite 
and  mie«  are  the  moat  susceptible  of  the  unimida  used 
for  experimental  purposes,  and  in  testing  the  virulunce 
of  a  culture  it  Ih  well  to  inoculatu  one  of  each,  for  the 
same  culture  may  sometimes  be  virulent  tor  mice  and 
not  for  rabbits,  and  vice  versa. 

If  the  culture  is  virulent,  intravascular  or  intra- 
peritoneal injections  into  rabbits  may  produce  rapid  and 
fatal  septicemia ;  while  subciitaueoiia  inoculation  of  tlie 
same  material  may  result  in  only  a  localized  inflamma- 
tory process.  On  the  other  hand,  sulx^ntaneous  inocula- 
tion of  less  virulent  cultures  may  produce  a  local  process, 
while  intravenous  inoculation  may  be  without  result. 
This  orgauism  is  the  cause  of  a  number  of  pathological 
conditions  in  human  beings  that  have  not  hitherto  been 
considered  as  related  to  one  another  etiologically.  It 
is  always  present  in  the  inflamed  area  of  the  lung  in 
acute  fibrinous  or  lobar  pneumonia ;  it  is  known  to  cause 
acute  cerebro-spinal  meningitis,  endo-  and  peri -eiirditiB, 
certain  forms  of  pleuritis,  arthritis  and  jieri-arthritis, 
and  otitis  media. 


A.   SEPTir.liMIA  fAFSED  BY  MIOROCOCCCS  TETRAGENU8. 

Should  the  death  of  the  animal  not  occur  «ithio  the 
first  twenty-eight  to  thirty  hours  after  inoculation,  but 
be  postponed  until  between  the  fourth  and  eighth  day,  it 
may  result  from  the  invasion  of  the  tissues  by  the  oi^an- 
ism  now  to  be  described,  viz.,  microcoectia  ktiarfcnvs. 
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Tbip  (irgaiiisiTi  was  discovered  by  Oaffky,  and  was 
suhseqiiently  described  by  Kocli  in  the  account  of  his 
experiments  n-pan  tuberculosis.  It  is  often  present  iu 
the  saliva  of  liealthy  individuals  and  is  commonly 
present  in  the  sputum  of  tuberculous  patients.  Koch 
found  it  very  frequently  in  tlje  pnlmonarj-  cavities  of 
pbtliisieal  patients.  It,  however,  plays  no  part  in  the 
etiology  of  tuberculosis. 

It  is  a  sraiill  round  coccus  of  about  1  /i  transverse 
diameter.  It  is  seen  as  single  cells,  joined  in  pairs, 
and  iu  threes;  but  itt4  most  conspicuous  grouping  is  in 
fours,  fn)m  which  arrangement  it  t^kca  ita  name.  In 
preparations  made  from  cultures  of  this  oi^nism  it 
is  not  rare  to  find,  here  and  there,  single  IxMlies  which 
are  mueli  larger  than  the  other  individuals  in  the  field. 
Close  ins|>eetion  reveals  them  to  be  cells  in  the  initial 
stage  of  division  into  twos  and  fours.  A  peculiarity 
of  this  oi^nism  is  tliat  the  cells  are  bound  together 
by  a  transparent  gelatinous  mass. 

When  <'ultivatcd  artificially  it  grows  very  slowly. 

Upon  gelatin  plates  the  colonies  appear  as  round, 
sharply  ci re nm scribed,  punctiform  masses  which  are 
slightly  elevated  above  the  surface  of  the  surrounding 
medium.  Under  a  low  magnifying  power  they  are  seen 
to  be  slightly  granular  and  to  present  a  more  or  less 
glasey  lustre. 

The  colonies  increase  but  little  in  size  after  the  tliird 
or  fourth  day.  If  cultivated  as  stab-cultures  in  gelatin, 
there  appears  nimn  the  surface  at  the  point  of  inocula- 
tion a  circumscribed  white  point,  slightly  elevated  almve 
the  aurfaci!  and  limited  to  the  immediate  neighborhood 
of  the  point  of  inotnlation,  Down  the  needle-track  the 
growth  is  not  continuous,  but  appears  in  isolated,  i-ound. 
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dense  white  clumps  or  beads,  which  do  not  develop 
beyond  very  Bniall  points. 

It  does  not  liquefy  gelatin. 

Upon  plates  of  nutrient  agar-agar  the  colonics  appear 
as  small,  almost  transparent,  round  points,  which  liave 
about  tlie  same  color  and  appearance  as  a  drop  nf  egg- 
albumin;  they  are  very  slightly  opaque.  They  are 
moist  and  glistening.  They  rarely  develop  to  an  extent 
exceeding  1  to  2  mm.  in  <liameter. 

Upon  agar-agiir  as  stab-  or  slant-cultures  the  surface- 
growth  has  more  or  less  of  a  mucoid  appearance.  It 
is  moist,  glistening,  and  irregularly  outlined.  The  out- 
line of  the  growth  depends  upon  the  moisture  of  the 
agar-flgnr.  It  is  slightly  elevated  above  the  surtacc  of 
the  medium. 

In  contradistinction  to  the  gelatin  stab-ciiltures,  the 
growth  iu  agar-agar  is  continuous  along  the  track  of 
the  needle. 

The  growth  on  potato  is  a  thick,  irregular,  slimy- 
looking  patch. 

The  transparent  mucihiginons  substance  which  is  seen 
to  surround  these  organisms  renders  them  coherent,  so 
that  efforts  to  take  up  a  jwrtion  of  a  colony  from  the 
agar-agjir  or  potato  cultures  result  usually  in  drawing 
out  fine,  silky  threads,  consisting  of  oiganisros  imbedded 
in  the  mucoid  material. 

The  organism  grows  best  at  from  36°  to  38°  C,  but 
can  be  cultivated  at  the  ordinary  room-temperature — 
alwut  20°  C. 

The  growth  under  all  conditions  is  slow. 

It  grows  both  in  the  presence  of  and  witltout  oxygen. 

It  is  not  motile. 

It  stains  readily  with  all  ttie  ordinary  aniline  dyes. 
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In  tisButB  ito  i)rGsenee  is  rea<lily  (If^nionetrated  by  the 
staining-nietliiKl  of  Gnim. 

The  grouping  iuto  fours  is  particularly  well  seen  iu 
sections  from  the  organs  of  aninials  deiu)  of  thi»  form 
of  septiaemia.  In  Huch  sections  the  organisms  will 
always  be  found  witliin  the  oapillaries. 

In(x.'UI^tion  into  Animaus. — To  the  naked  eye 
no  alteration  can  be  seen  in  the  organs  of  animals  that 
have  (lied  as  a  result  of  inoculation  with  jnicrococcue 
tdragenvjt ;  but  microscopic  examination  of  cover-slip 
preparations  from  the  blood  aud  viscera  reveals  tlie 
presence  of  tiie  organisms  throughout  the  body — espe- 
cially is  this  true  of  preparations  from  the  spleen. 
White  mice  and  guinea-pigs  are  susceptible  to  the  dis- 
ease. C>ray  mice,  dt^,  and  rabbits  arc  not  susceptible 
to  this  form  of  septicremia.  Subsequent  inoculation  of 
healthy  animals  with  a  drop  of  blixxl,  a  bit  of  tissue,  or 
a  portion  of  a  pure  culture  of  this  organisuk  from  the 
body  of  an  animal  dead  of  thir;  disease,  results  in  a  re- 
production of  the  conditions  found  In  the  dead  animal 
from  which  the  tissues  or  cultures  were  obtained. 

It  sometimes  happens  that  in  guinea-pigs  which  liave 
been  iuocmlated  with  this  organism  lo(;al  pus-formations 
result,  instead  of  a  genersd  septiciemia.  The  oi^anisms 
will  tlien  Ite  found  in  tbe  pus-cavity. 
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C.    LOCAL  OR   GENERAL  TTBEECL'LmiS. 

Should  the  animal  sticcumb  to  neither  of  the  septJo 
processes  just  d<»cril>e<],  then  itsili-jitli  i'rom  tuberculosis 
may  bu  rca^oniiblv  cxpM.-te(l. 

When  tliis  tlia<!a^  is  in  progrcse  alttrations  in  flie 
lymphatic  glands  nearest  the  site  of  inoculation  may 
be  delecte<l   by  the  touch  in  from  two  to  four  weeks. 
They  will  then  be  found  enlaq^.      Thongii  not  coo- 
iibint,   tumefaction   and   liubsrqiicnt   tdcemtion   at  the 
point   of  inoculation    may  be   observcil.      Prr^ressive 
emaciation,  losf  of  appetite,  and  difficulty  in  respiratioD 
point  to  the  existeuce  of  the  general  tuberculous  process. 
IX'ath  ensues  in  from  four  to  eight  weeks  after  inocnla-  i 
tion.     At  autopsy  either  general  or  lixral  tuberculosis  1 
may  be  found.     The  expressions  of  tuberculosis  are  aoj 
manifold  and  in  different  animals  vary  so  widely  tttel 
one  from  tlie  other,  that  no  fixed  law  as  to  what  wiUll 
appear  at  a 
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susceptibility  to  tubercidosis  is  greater 
cunstiint  tlian  that  of  i.>ther  animals  usually  i 
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found  ill  the  laborator)-,  prusonts,  in  the  main,  changes 
tliat  arc  cliaraeU'rized  by  coagulation-necrosis  and  case- 
ation. Tills  is  particularly  the  wise  when  the  infec- 
tion is  general — i,  e.,  when  the  proc»?8S  is  of  the  acutti 
miliary  type;  then  the  tis-sues  of  the  liver  and  spleen 
present  tile  most  favorable  field  for  the  study  of  tliis 
pathol  ogica  1-an  atom  ical  ai  U'nit  i  on , 

In  general,  the  tiibcreiilur  lesions  can  be  divided  into 
those  of  strictly  tocjil  character — /.  c,  the  miliary  and 
the  conglomerate  tubercles — and  those  which  are  more 
diffuse.  The  latter  lesions,  altlioiigh  fuiidu mentally 
of  the  same  nature  as  the  miliary  tubercles,  are  much 
greater  iu  extent  and  not  so  sharply  circumscribed. 
ThcBc  latter  Iceions  play  a  more  conspicuous  nMe  in  tlie 
pathology  of  the  disease  than  do  the  miliary  nodules, 
although  it  is  to  the  presence  of  the  miliary  nodules  that 
the  disease  owes  its  name. 

At  auto[»8y  the  piitliological  manifestations  of  the  dis- 
ease are  not  infrequently  seen  to  be  confined  to  the  seat 
of  inoculation  and  to  tJie  neighboring  lymphatic  glands. 
These  tissues  then  pi-escnt  all  the  characteristics  of  tlie 
tuberculous  process  in  the  stage  of  cheesy  degeneration. 
When  the  disease  is  more  general  the  degree  of  its  exten- 
sion varies.  Sometimes  the  small  gray  nodules — mili- 
aiy  tubercles — are  only  to  be  seen  with  the  naked  eye  in 
the  tissues  of  the  liver  and  spleen.  Again,  they  may  in- 
vade the  lung,  and  frequently  they  are  distributed  over 
the  serous  membranes  of  the  intestines,  the  lungs,  the 
heart,  and  the  brain.  These  gray  nodules,  as  seen  by 
the  naked  eye,  vaiy  in  size  from  that  of  a  pin-point  to 
tliat  of  a  hempsecd,  and,  as  a  rule,  are,  in  this  stage,  the 
result  of  the  fusion  of  two  or  more  smaller  miliary  foci. 
Though  the  two  terms  "  miliary  "  and  "  conglomerate  " 
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arc  ('inployed  for  the  description  of  the  microscopic 
ap|K>anuu;e  of  those  nodules,  yet  it  is  very  rarely  that 
:iny  condition  other  tlrnn  that  due  to  the  fusion  of 
sevonil  of  these  minute  foci  can  be  detected  by  the 
nuked  eve. 

'I  he  miliary  tubercles  are  of  a  pale  gray  color,  with  a 
whit<'  centre,  are  slightly  elevated  above  the  surface  of 
th<'  tissn(^  in  which  they  are  hK*ated,  and,  as  stated,  vary 
considcr.ibly  in  dimensions,  usually  appearing  as  points 
which  nuige  in  si/e  from  that  of  a  pin-point  to  that  of 
a  pin-head.  Th(»y  are  not  only  located  upon  the  surface 
of  the  or^nis,  but  are  distributed  through  the  depths  of 
the  tissues.  To  the  touch  they  scmietimes  present  noth- 
inti;  char.ictcristic,  but  when  closely  ]>m;ked  together  in 
larp'  numbers  they  usually  give  a  mealy  or  sandy  sen- 
silion  to  the  hand  passed  over  them.  Stained  sections 
i»l'  inih'arv  tubcn-les  present  a  distinctly  characteristic 
Mppeanince,  and  th<»  disease  may  be  diagnosticated  by 
thrse  lii>(oh)iriral  chan»r<*r^  ah)ne,  though  the  crucial  test 
in  the  <lia«::iiosis  is  the  (hMuonstration  of  tul)ercle  bacilli 
in  these  nodnh's. 

MiriioMonc  ArnoAUANcK  OF  Miliary  Titber- 
ri.i>i. — A  Miili:irv  tul)ercK»  under  a  low  magnifying 
ptiwer  of  (he  niieroscope  presents  somewhat  the  follow- 
inj;  nppejirjini'c  :  there  is  a  cent nd  pah^  area,  evidently 
cdiuposed  ot'  necrotic  tissue  because  of  its  incapacity 
Ibr  taking  up  the  miclear  stains  commonly  employecl. 
Scattered  through  this  necrotic  area  may  be  se(»n  granular 
masH's  irreguhir  in  size  and  shape  ;  they  take  up  the  stains 
<'mph)yed  and  ar<»  evidently  fragments  of  cell-nuclei  in 
course  of  destruction.  Through  the  necrotic  an»:i  may 
here  and  there  Im'  S4'cn  irregular  lines,  bands,  or  ridges,  the 
r(»mains  of  tissues  not  yet  eomi>letely  <le^troyed  by  the 
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necrotic  process.  Around  tlie  periphery  of  tliia  area 
may  Bometimes  be  noticed  large  multinucleated  ccUh, 
the  nuclei  of  which  are  arranged  about  the  periphery 
of  the  cell  or  grouped  iiTegularly  at  it«  poles.  The 
arrangement  of  these  nuclei  as  ohservod  in  aeetions 
m  usually  oval,  or  somewhat  crcscentic.  In  tuber- 
cles from  the  human  subject  these  large  "  giantr-cells," 
as  they  are  called,  are  quite  common.  They  arc  much 
less  frequent  in  tubercuhtr  tisiiiuefi  from  lower  ani- 
malfj. 

Rotmd  about  the  central  focus  of  necrosis  ia  seen  a 
more  or  less  brojid  zone  of  closely  packet!  small  ruimd 
and  oval  bodies,  which  stain  readily  but  not  hunioge- 
iwously.  They  vary  in  ^izc  and  flliajic,  and  are  seen  to 
be  imbedded  in  a  delicate  network  of  tibri nous-looking 
tissue.  This  fibrin-like  network  in  which  these  bodies  lie, 
and  which  is  a  common  accompaniment  nf  giant-cell  for- 
mation, is  in  part  composed  of  fibrin,  but  is  in  the  main, 
moat  probably,  the  remains  of  the  interstitial  fibrous 
tissue  of  the  part,  This  zone  of  which  we  arc  speak- 
ing is  the  zone  of  so-called  "  granii la tion -tissue,"  and 
consists  of  leucocytes,  granulation-cells,  fibrin,  and  the 
fibrous  remains  of  the  orpin  ;  the  irn-gularly  oval,  gran- 
ular bodies  which  take  up  the  stain  are  the  nuclei  of 
these  cells.  The  Konc  of  granubtion-tissue  surrounds 
the  whole  of  the  tuberculous  process,  and  at  its  periphery 
tadcs  gradually  into  the  healthy  surroimding  tissues  or 
fusee  witli  a  similar  zone  surrounding  another  tubercu- 
lar focus.  This  may  be  taken  as  a  description  of  the 
typical  miliary  tubercle. 

DfFFrwE  Caheatios. — The  diffuse  caseation,  as  said, 
plays  a  more  importimt  /-d/f  in  the  tuberenlons  lesion, 
both  in  the  human  and  experimental  fiu'ms,  than  docs 
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the  formation  of  miliary  tubercles.  In  this  a  laige 
area  of  tissue  undergoes  the  same  process  of  necrosis 
and  caseation  as  the  centre  of  the  miliary  tubercle. 
In  certain  tissues,  notably  the  lungs  and  lymphatics, 
it  is  more  marked  than  in  others.  In  rabbits,  par- 
ticularly, all  the  changes  in  the  lung  frequently  come 
under  this  head.  When  this  is  the  ease  solid  masses 
are  found,  sometimes  as  large  as  a  pea,  or  involving 
even  an  entire  lobe  or  the  whole  lung  in  some  cases. 
They  are  of  a  whitish-yellow,  opaque  color,  and  on  sec- 
tion are  peculiarly  dry  and  hard.  Entire  lymphatic 
glands  may  be  changed  in  this  way.  The  conditions 
which  appear  to  be  most  favorable  to  the  occurrence 
of  this  widespread  caseation  of  the  tissues  are  the 
simultaneous  deposition  of  a  large  number  of  tubercle 
bacilli  in  them,  and  the  involvement  of  a  wide  area  in- 
stead of  a  single  isolated  {)oint,  as  in  the  miliary  tubercle. 
Necrosis  is  so  rapid  that  time  docs  not  suffice  for  those 
reactive  changes  to  take  place  in  the  tissues  which  result 
in  the  formation  of  the  outer  zone  of  the  milian'  tubercle. 
In  other  instances  the  entire  caseous  area  is  surrounded 
by  a  granulation-zone  similar  to  that  around  the  caseous 
centre  of  the  miliary  tubercles.  It  is  of  special  im- 
portance to  recognize  the  etiological  (connection  between 
this  diffuse  caseation  and  the  tubcrtjlc  bacillus,  because 
until  its  nature  was  accurately  determined  caseous  pneu- 
monia of  the  lungs  formed  the  chief  obstacle  which 
many  encountered  in  recognizing  the  specific  infectious- 
ness of  tuberculosis. 

Cavity-I'X)rmation. — The  production  of  cavities,  a 
prominent  feature  in  human  tuberculosis,  particularly 
of  the  lungs,  is  due  to  softening  of  the  necrotic, 
caseous   masses   or  of  aggregations   of  miliar}-  tuber- 


LOCAL  OR  GENERAL  TUBERCULOSIS.         317 


clew.  The  material  saftcns  ami  is  expt-llei!,  and  it 
cavity  reniaiDS.  In  tJie  wall  of  this  (.avity  the  tuber- 
culiius  changes  still  proceed,  both  as  disuse  caseation 
and  formation  of  miliary  tubercles.  The  whole  cavity 
witli  the  reactive  changes  in  the  tissues  of  its  walls 
may  be  properly  conceived  as  a  single  gigantic  tuber- 
cle, its  wall  forming  a  tissue  very  analogous  to  the  outer 
!!one  of  the  single  tuljcrcle,  the  cavity  its(!lf  correspond- 
ing to  the  caseous  centre. 

In  animals  nsed  for  experiment  cavity-forraation  of 
this  sort  is  very  rare,  owing  to  the  grejiter  resistance  of 
the  caseous  tissue.  That  it  is,  however,  possible  to  pro- 
dnce  in  rabbits  pulmonary  cavitius  in  all  physical  re- 
spects similar  to  those  seen  in  the  human  being  has 
been  most  beautifully  demott'itrated  by  Fruddeii.  He 
showed  that  when  he  had  injectwl  fluitl  cultures  of  sti-ej)- 
tocoiious  pj/ogenea  Into  the  trachea  of  rabbits  ali-eady  af- 
fected with  tubercular  consolidation  of  the  lungs,  the 
result  of  the  mixed  infection  thus  brought  about  was 
cavity-form atiou  in  eight  out  of  nine  lungs  subjected  to 
the  conditions  of  the  experiment ;  whilp  in  only  one  oiit 
of  eleven  did  cavitii-a  form  under  the  uifluetice  of  the 
tubercle  bacillus  alone' 

In  the  contents  and  in  the  walls  of  tnbercnlar  cavi- 
ties in  man  bacteria  other  than  bacillus  tubernilosia  are 
found.  It  is  t^  the  influence  of  some  of  these,  as  we 
have  seen,  that  diseases  other  than  tuberculosis  may 
sometimes  lie  produced  by  the  inoculation  of  animals 
with  the  sputum  from  such  cases. 

Encapsulation   of  TuBERt'ui.AR   Fix^. — It    not 


'  Pmildi?!) :  "  Eiperi  men  till  Phthisis  In  Rabblta,  with  the  Formation 
of  (^vlties,"  etc.,  Tmnsitctions  of  the  Aaaodaljaii  of  Amedcaa  Plifsi- 
cuns,  1894,  vol.  ix.  p.  166. 
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uncommonly  occurs  that  r»[iiiil  al>out  a  necrotic  tuber- 
culous focus  then?  U  formed  a  fibrous  «i{k;uIc  wiiich  may 
completely  «ihut  ofT  the  dlseasetl  from  the  healthy  tissue 
surrounding  it ;  or  a  tuberculous  focus  may,  thn»ugli  the 
resistance  of  the  tissue  in  which  it  is  located,  be  more 
or  less  completely  isolated.  In  tliis  condition  the  dis* 
efl9e<l  foci  may  lie  dormant  for  a*  long  time  and  give  do 
evidence  of  their  existence,  until  they  are  caused  to 
break  through  their  envelopes  by  some  distarlMiig 
cause.  With  the  passage  of  the  bacilli  or  their  spores 
from  such  a  focus  into  the  vasc^ular  or  lymphatic  cir- 
culation the  disease  may  become  general. 

It  is  to  some  such  accident  as  this  that  the  sadden 
appearance  of  general  tubercular  infection  in  subjects 
sup{K>sed  to  have  reci>vere<l  from  the  primary  local 
manifestations  may  oAen  be  atlributt^.  The  breaking 
down  of  old  caseous  lymphatic  glands  is  a  * 
example  of  this  recurrence  of  tuberculosis, 

Primabv    Isfwtion.  —  Primary    infection   oocnnr.l 
through  either  the  vascular  or  lymphatic  circulatioB..1 
Through  these  chaunela  the  bacilli  gain  access  to  thai 
tissues  and  become  hxlgetl  in  the  finer  capillan*  ram 
cations  or  in  the   more   minute  lymph-spaces.     Hei 
they  find  conditions   favorable   to  their  development  M 
and  in  the  course  of  their  life-processes  produce  sab- J 
stanoc.1   of  a   chemical    nature  which   serve   to   brii^ 
about   the   death   of   the   tiasncs   in    their   iromediale 
neigh l>orh<K)d.     This  tiasiie-dmth  is  probably  the  very 
first   effect   of   the   hiicilli    in    tlie    b<"ly,   and    repre- 
sents the  m?crotic  wnfre  which  can  always  he  si.-en  in 

■^  the  mwt  niiuutv  tiil>CR'lcs.     With  the  proilnclion 
"•TOgrcssivc  niH-ru^iis — for  progressive  tt  is,  Si&  it 
Hi  long  as  the  bacilli  live  and  continue  to 
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produce  their  poieoiioiia  prodinits — there  is  in  addition 
a  reactive  change  in  ttie  surrounding  tissues,  which 
conRicts  in  the  turination  of  a  gninul  at  ion-zone  at  the 
outer  margins  of  the  dying  and  deud  tissue.  This  zone 
consists  of  small,  round  gran ulat  ion-eel  Is  and  of  leuco- 
cytes, all  of  which  are  seen  in  the  meshes  of  the  finer 
fibrous  tiusucs  of  the  part.  At  tlie  same  time  ultera- 
tions  are  produced  in  tlie  walls  of  the  vessels  of  the 
locality  ;  these  tend  to  occlude  them,  and  thus  the  proc- 
ess of  tissue-cleath  is  favored  by  a  diminution  of  the 
amount  of  nutrition  hrought  to  them.  These  changes 
may  continue  until  eventually  conglomerate  tubercles, 
widespread  caseation,  or  cavity-formation  results ;  or 
from  one  cause  or  another  the  life-procesee»  of  the 
bacilli  may  be  checked  and  rect)very  occur. 

Modes  op  Iskection. — Exprimontally,  tuberculosis 
may  be  produced  in  susceptible  animals  by  subcutaneous 
inoculation,  by  direct  injection  infai  the  circulation, 
by  injection  into  the  peritoneal  cavity,  by  feeding  of 
tuberculous  material,  by  the  introduction  of  the  bacilli 
iBto  the  air-jiu-sHages,  and  by  inoculation  into  the  ante- 
rior chamber  of  the  eye. 

In  the  human  subject  the  most  common  portals  of 
infection  are,  (loubtless,  the  air-passages,  the  alimentary 
tract,  and  cutaueous  wounds.  When  introiluced  subcu- 
taneously  the  resulting  process  finds  its  most  pronoum*d 
expression  in  the  lymphatic  system.  The  growing 
bacilli  make  their  way  into  the  lymphatic  sjinces  of 
the  loose  cellular  tissue,  are  taken  up  in  the  lymph- 
stream  and  deposited  in  the  neighlioring  lymphatic 
glands.  Here  they  may  remain  and  give  rise  to  no 
altcmtion  other  tlian  that  seen  in  the  glands  them- 
eelvcs ;    or  they  may  pass  on  to  neighboring  glands, 
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and   eveutiially  tw  dissi'tuiuntcil  tbroughoiit  the  lym- 

latic  syetoni,  iiltitnatcly  readiing  tlie  vaacuUr  system. 

Having  gained  access  to  the  bloodvessels  the  results 
are  the  same  as  tiiose  following  intravascular  injection 
<ir  the  bacilli,  namely :  generul  tuberculosis  quickly 
follows,  with  the  production  of  miliary  tubercles  most 
eonspieuoua  in  the  Inngs  and  kidneys ;  less  numerous 
in  the  spleen,  liver,  and  hoiie-marniw. 

When  inhaled  into  the  lungs,  if  wjnditions  are  favor^ 
able,  mnltiplication  of  the  bacilli  quickly  follows.  Cn- 
incident  with  their  growth  they  are  raeehaniudly  pressed 
into  the  tissues  of  the  Inngs.  As  multiplication  con- 
tinues some  arc  tranaportcd  from  the  primary  site  of 
infection  to  healthy  jmrtions  of  the  lung-tissue,  where, 
through  their  development,  the  process  is  repeated. 

In  the  same  way  infection  by  way  of  the  alinientaiiy 
tract  is  in  the  main  due  to  the  bacilli  being  forced  by 
merhanical  pressure  into  the  walls  of  tiie  intestines.  In- 
v^tigation  has  shown  that  lesions  of  the  intestinal  coat9 
arc  not  necessary  for  the  entniuw  of  tulierelc 
from  the  lumen  of  the  intestines  into  the  iiiteni 
ot^ns  and  tissues.  Tliey  may  l»e  traiisjiorted  : 
the  intestinal  tract  into  the  lym])hatics  in  the  i 
way  that  the  fat-droplets  of  the  chyle  find  entr 
into  the  Iym])hatic  circulation. 

Unlike  most  pathi^nic  oi^nismij,  the  tubercle  I 
cillus  is  believed  to  have  the  property  of  forming  spore 
within  the  tissues.  These  spores,  which  are  prcsun 
alily  higidy  R'sistant  and  not  destroyed  by  drj 
are  thrown  off  from  tlie  lungs  in  the  sputum  of  tnlx 
cidoiis  patients  in  lat^  numlicrs;  mid  uulc!' 
preiautions  l>e  taken  to  prevent  it,  the  sputum 
dried,  is  ground  into  dust,  iukI  sets  free  in  the  t 


LOCAL  OB  GENERAL  TUBERCULOSIS. 


S21 


phere  the  spores  of  tubercle  bacilli  which  came  with  it 
from  thi!  luDgs,  and  which  have  the  projwrty  of  ex- 
citing the  disease  in  a  certain  number  of  p{>rsons  who 
inhale  them.  The  frequency  of  pulmonary  tuljcr- 
ciiloeis  pointt!  to  this  aa  one  of  the  conimoneBt  Boiireos 
and  modes  of  infection  in  human  lieinge.  Tliis  opinion 
is  iKimc  out  by  statistical  studies  upon  tlie  dii^eaj^e,  as 
well  as  by  hucIi  evidena^  as  Cornet '  bus  prcHlnced  ujk>d 
the  infective  nature  of  dust  taken  from  ai«irtments  occu- 
pied by  pcratms  suffering  from  pulinotiar)' tuberculosis. 

Location  of  the  Bacilli  is  the  Tissues. — The 
bacilli  will  be  found  must  numerous  tn  those  tissues 
which  are  the  seats  of  the  active  stage  of  tlie  process. 

In  the  initiiil  stage  of  the  disease  the  bacilli  will 
be  fewer  in  number  than  later.  At  this  time  only 
single  rods  may  here  and  there  lie  found ;  lat«r  they 
are  more  numerous;  and,  finally,  when  the  process 
has  advanced  to  a  stage  easily  rocngnizable  by  the  naked 
eye,  they  are  found  in  the  granulation-zones  in  clumps 
anil  scattered  about  in  Ini^  numbers. 

In  the  central  necrotic  masses,  which  consist  of  cell- 
detritus,  it  is  rare  that  the  organisms  can  be  demon- 
strated microscopically.  It  is  at  the  jMpriphery  of  tliese 
areas  and  in  the  progressing  granular  Kone  that  tbcy 
aix?  most  frequently  to  be  seen. 

This  apparent  absence  of  the  bacilli  from  the  central 
necrotic  area  and  often  from  old  caseous  tissues  must 
not  be  taken,  however,  as  evidence  that  these  materials 
are  not  infective.  As  bacilli,  they  are  difficult  to 
demonstrate  here  because  tlie  probabilities  are  that  at 
this  stage  of  the  pniecss,  owing  to  conditions  unfavor- 
able  to   their  further  growth,  they  are  in  the   spore- 
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stagt?,  a  etage  in  wliicb  it  is  as  yot  impoe«ible,  with 
ooT  present  methods  of  stainiug,  to  render  tiiem  viei- 
We,  The  factf  that  this  tissue  is  infective,  and  that 
with  it  the  disease  can  be  reproduced  in  susceptible 
animals,  speak  for  the  accuracy  of  tlm  assutuptioD. 
A  conspicuous  cxuniple  of  this  condition  is  »ven  in 
old  scrofulous  glands.  These  glauds  usually  present 
a  slow  priK'esp,  are  cominonly  caseous,  and  always 
posiiese  the  property  of  producing  the  disease  when 
introduced  into  the  tissues  of  susceptible  animals,  and 
yet  they  are  the  most  difficult  of  all  tissues  in  which  to 
demonstrate  microscopically  the  presence  of  tuliercle 
bacilli. 

In  tubercles  containing  giant-cells  the  bacilli  can 
usuully  be  demonstrated  in  the  granular  contentB  of 
these  cells.  Frequently  they  will  l>c  found  jtccumn- 
lated  at  the  pole  of  the  cell  opposite  to  that  occupied 
by  the  nuclei,  as  if  there  esistetl  an  antagonism  between 
the  nuclei  and  the  bacilli.  In  M)nie  of  these  cells, 
however,  the  distribution  of  the  l>acilli  is  seen  to  be 
irregular,  and  they  will  be  foimd  scattered  among  the 
nuclei  as  well  as  in  the  necrotic  centre  of  the  cell.  Aa 
the  number  of  bacilli  in  the  giant-cell  increases  the  cell 
iteelf  is  ultimately  destroyed. 

Tubercular  tissues  always  contain  the  bacilli  or  their 
spores,'  and  are  always  capable  of  n']irothicing  the  dis- 
'  case  when  intrtHhiced  into  the  I>ody  of  u  susceptible 
animal.  From  the  tissues  of  this  animal  the  bacilli 
may  be  obtained  and  cultivated  artificially,  and  these 
cultures  are  capable  of  again  producing  the  disease 
when  further  inoculated.  Thus  the  [lostnlates  for- 
mnlatt^'d  by  Koch,  which  are  necessary  to  prove  the 
'  Tlie  proper!]'  of  (porc-fonnadon  it  aanmed,  not  proved. 
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etiological  r6/e  of  an  oi^nigm  in  the  production  of  a 
tuaiady,  ure  fulfilled. 

THE  ti;behcle  bacillus. 

Of  the  tliree  pathoguiiic  organisms  liable  to  occur 
in  the  sputum  uf  a  tuberculous  auliject,  tlie  tubercle 
bacillus  gives  us  the  greatest  difficulty  in  our  efforts  at 
cultivation. 

It  is,  in  the  strict  sense  of  the  word,  a  [»arasite,  and 
linds  conditlouH  entirely  favorable  to  its  development 
only  in  the  uninml  body.  On  ordinary  artificial  media 
the  bacilli  taken  directly  from  the  animal  body  grow 
only  very  imperfectly,  or,  iu  many  cases,  not  at  all. 
From  this  it  seems  probable  that  there  ii^  a  diffi^rence 
in  the  nature  of  individual  tubercle  bacilli — some 
appearing  to  be  capable  of  growth  in  the  animal  tia- 
sues  only,  while  others  are  apparently  possessed  of  the 
power  to  lead  a  limited  saprophytic  existence.  It  may 
be,  therefore,  that  those  bacilli  which  we  obtain  as  arti- 
ficial (nilturcB  from  the  animal  body  are  offsprings  of 
the  more  saprophytic  varieties.  At  best,  one  never  sees 
with  the  tubercle  bacilhm  a  saprophytic  condition  in 
any  way  comparable  to  tlint  jiossessed  by  many  of  the 
other  organisms  with  which  we  have  to  deal. 

For  the  cultivation  of  hacillu«  (nbn-culogut  directly 
from  the  tissues  of  the  animal  the  method  by  which  one 
obtains  the  best  restdts  is  tliat  recommended  by  Koch, 
viK.,  cultivation  upon  blntwl-senim.  This  organism  ia 
9o  strictly  parasitic  that  even  very  Hlipht  variation.^  in 
the  conditions  under  whieh  one  endeavors  to  iaolat«  it 
from  the  tissues  may  cause  total  failure.  It  is,  there- 
fore, neceBsary  that  the  injnnctions  fr»r  obtaining  it  in 
pure  culture  should  be  carefully  observed. 
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Pkeparation  i)F  Cultures  from  TiasruB. — Under 
strictest  antiseptic  precautjoos  rcmoYL'  from  the  animal 
the  diseased  organ — the  hvcr,  spleen,  or  a  lymphatic 
gland  being  pretemble.  I'iaee  the  tissue  in  a  sterilized 
Petri  dish,  and  dissect  out  with  sterilized  scii^sortj  and 
iurceps  the  small  tubercular  nodules.  Phice  each  nodule 
upon  the  surface  of  the  blooil-seriim,  one  nodule  in 
each  tube,  and  with  a  heavy,  sterilized,  Ioope<l  platinum 
needle  or  spatula  rui)  it  carefully  over  the  surface.  It 
is  best  to  dissect  away  twenty  to  thirty  such  tubercles 
and  treat  each  in  the  same  way.  JSonie  of  the  tubes 
will  remain  sterile,  others  may  be  contaminated  by 
extraneous  sai)n»phytic  organisms  during  the  manipula- 
tion, while  a  few  may  give  the  result  desired,  viz., 
a  growth  of  the  tubi-rcle  bacillus  itself. 

The  blcxHl-scnim  ii|>on  which  the  organism  is  to  l»e 
cultivated  shotdd  be  (romparatively  freshly  prepared — 
that  is,  should  not  be  dry. 

.Vfter  inoculating  the  tubes  they  should  be  carefiilly 
sealed  to  prevent  evaporation  and  consequent  drj'- 
ing.  This  is  done  by  burning  off  the  overhanging 
cottim  plug  in  a  ga.«-fliime.  and  then  impregnating 
the  iipjM'r  layers  of  the  cotton  with  either  sealing- 
wax  or  paraffin  of  a  high  melting-[>oint ;  or  by  insert- 
ing over  the  burned  end  of  the  cotton  plug  a  soft, 
closely  fitting  cork  that  hae  been  sterilized  in  the 
steam  sterilizer  just  before  using  {Ghriskey),  This 
precaution  is  necessary  because  of  the  slow  growth  of 
the  ot^nisni.  Under  the  most  favorable  conditions 
tnbercle  baeilli  directly  from  the  animal  body  show  no 
evidence  of  growth  for  aljout  twelve  days  after  inocu- 
lation npnn  hlood-^rum,  and,  as  they  must  lie  retained 
daring  this  time  at  the  !>ody-tempeniture — 37.&°  C. — 
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evaporation  mikiU  take  place  very  rapidly  and  the 
iiRHliiiin  wcmUl  become  too  dry  for  their  development. 

If  them;  primary  efforts  result  in  the  appearance  of  a 
culture  of  the  Itactlli,  further  cultivatious  may  be  made 
by  taking  up  a  bit  of  the  colony,  prctcmbly  a  moder- 
ately large  quantitj-,  and  transferring  it  to  fresh  serum, 
and  tliia  in  turn  is  »<ulcd  up  and  retained  at  the  same 
temperature.  Once  having  obtained  the  organism  in 
pure  culture,  its  subsequent  cultivation  may  be  con- 
ducted upon  the  glycerin-agar-agar  mixture — ordinary 
neutral  nutrient  agar-agar  to  which  from  4  to  6  per  cent, 
of  glytieriu  has  been  added.  This  is  a  very  favorable 
medium  for  the  growth  of  this  organism  after  it  has 
accommodated  itself  to  its  saprophytic  mode  of  exist- 
ence, though  blood-scrum  is  [wrhaps  the  best  meditmi 
to  be  employed  in  obtaining  the  first  generation  of  the 
organism  from  tuberculous  tissues. 

The  organism  may  be  cultivated  also  on  neutral  milk 
to  which  1  per  cent,  of  agar-agar  has  been  added,  also 
upon  the  surface  of  potato,  and  likewise  in  meat-infu- 
sion boudlon  containing  from  4  to  6  per  cent,  of 
glycerin. 

Cultures  of  the  tubercle  bacillus  are  characteristic 
in  appearance — once  having  seen  them  there  la  little 
probability  of  subsequent  mistake.  Tliey  appear  as 
dry  masses,  which  may  develop  upon  the  surface  of 
the  medium  either  as  flat  scales  or  as  coarse  granular 
masses.  They  arc  never  moist,  and  frequently  have  the 
appearance  of  dry  meal  spread  upon  the  surface  of  the 
medium.  In  the  lower  part  of  the  tube  in  which  they 
are  growing — i.  p.,  that  part  occupied  by  a  few  drops  of 
fluid  which  has  in  part  been  squeezed  from  the  medium 
during  the  process  of  solidification,  and  is  in  part  water 
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of  coDileusatiuii — the  coloniea  niiiy  bo  sL-t'ii  tn  flont  as  a 
thin  pellicle  uixm  the  surface  of  the  fluid. 

Thf  individuals  composiug  the  growth  adhere  so 
ttnacioiisly  together  that  it  is  with  the  greatest  diffi- 
culty they  vim  be  separated.  In  uveu  the  oldest  and 
drycst  ciilturcB  pulverization  is  impossible.  The  masses 
ejiii  only  be  separated  and  broken  up  by  grinding  in 
a  mortar  with  the  addition  of  some  foreign  substance, 
such  as  very  fine,  sterilized  sand,  dnst,  ote. 

The  cultures  are  of  a  dirty-drab  or  bniwnisb-gray 
color  when  seen  on  serum  or  glycerin-agar-agar. 

On  potato  tht'v  grow  in  praetically  the  same  way, 
though  the  development  is  much  more  limited.  On 
this  me<ti[ira  they  are  of  nearly  the  same  color  as  the 
potato  on  which  they  are  growing.  When  cultivated 
for  a  time  on  potato  ihey  arc  said  to  lose  their  patho- 
genic properties. 

On  milk-agar-agar  they  are  of  so  nearly  the  same 
color  as  tlie  medium  that,  tmless  they  are  growing  aa 
characteristic  mealy-looking  masses,  considerably  ele- 
vated above  the  surface,  their  presence  is  less  conspicu- 
ous than  when  on  other  media. 

In  bouillon  they  grow  as  a  thin  pellicle  on  the  sur- 
face. This  may  fall  to  the  bottom  of  the  fluid  and  con- 
tinue to  develop,  its  place  on  the  surface  being  taken  by 
a  second  pellicle. 

The  tuliercic  bacillus  does  not  develop  on  gelatin 
because  of  the  low  temperature  at  which  this  medium 
must  be  used. 

Microscopic  Appearance  op  BAcn,r.r8  Tubbr- 
CCIflsis. — Micniseopii'ally  the  oi^uiism  itself  is  a 
delicate  rod,  u.'^ually  somewhat  beaded  in  its  structure, 
though  rarely  it  is  seen  to  Iw  homt^neous.    It  is  cither 
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qiiitf  straiglit,  or  somewhat  curved  or  bent  on  its  long 
axis.  Ill  some  preparations  i n vol nt ion-forms,  consisting 
of  rods  a  little  ehibiw<l  at  one  extremity  or  slightly 
bulging  at  different  points,  may  be  detected.  Branch- 
ing forms  of  this  organism  have  been  described.  It 
varies  in  length — sometimes  being  seen  in  very  short 
BCgnientH,  again  nineh  longer,  though  never  as  long 
threads.  Usually  its  length  \'aries  from  *2  to  5  ji.  It 
is  commonly  described  as  being  in  length  about  one- 
fourtb  to  one-half  the  diameter  of  a  red  blood -corpuscle. 
It  is  very  slender.     (See  Fig.  62.) 

These  rods  usually  present,  as  has  been  said,  an  ap- 
pearanoe  nf  alternate  stained  and  colorless  portions, 
The  latter  portions  are  believed  to  be  the  sjwres  of 
the  danism,  though  as  yet  no  inconte.stable  proof  of 
this  opinion  has  been  presented.  At  times  these  colorless 
portions  are  seen  to  bulge  slightly  beyond  the  contour 
of  the  rod,  and  in  this  way  give  to  the  rods  the  beaded 
appearance  so  commonly  ascribetl  to  them, 

Stainino-pex,ti,iaritibs. — A  peculiarity  of  this 
oi^nism  is  its  behavior  toward  staining-reagents,  and 
by  this  means  alone  it  may  he  easily  recognized.  The 
tubercle  bacillus  does  not  stain  by  the  ordinary  methods. 
It  possesses  some  j>eculiarity  in  its  composition  that 
renders  it  proof  against  the  simpler  staining  processes, 
It  is  therefore  necessary  that  more  energetic  and  pene- 
trating reagents  than  the  ordinary  watery  solutions 
should  be  employed.  Expericniw  has  taught  iis  that 
certain  substances  not  only  increase  the  solubility  of  the 
aniline  dyes,  but  by  their  presence  the  penetration  of 
the  coloring-agents  is  very  nuich  increased.  Two  of 
these  are  aniline  oil  and  carlwlic  acid.  They  are 
employed  in  the  solutions  to  about  the  point  of  satura- 


tion.     (For  the  exact  proportiims,  seii  L'ljaptt-r  on  Slain- 
ing-reagents.) 

Under  the  influence  of  heat  these  eolutioDS  are  soeu 
to  stain  all  bacteria  very  intensely — the  tubercle  bacilli 
as  well  as  other  forms.  If  we  subject  our  prepara- 
tion, which  may  contain  a  mixture  of  tubercle  bacilli 
and  other  simk^Icp,  to  the  action  of  decolori King-agents, 
another  peculiarity  of  tlie  tubercle  bacillus  will  be 
observed.  While  all  other  ot^nisms  in  the  prepara- 
titm  give  up  their  color  and  become  invisible,  the 
tubercle  bacillus  retaina  it  with  marked  tenacity.  It 
stains  with  great  difficulty  ;  but  once  stained  it  retmns 
the  color  even  under  the  action  of  strong  decolor- 
i  zing-agents. 


ORGANISMS   WITH    WHICH    RACILLUS 
MAV   BE  COSFUSED. 
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DiFFERENTiAi,      DIAGNOSIS. — Wliile    its    peculisr 
miero-(^heraical    reaction   is   usually   considered   to   be 
diagnostic   of   IxwUiiis   biberctifosk,   it   is   well   to   re- 
mcmljcr   that  there   arc   at   least   tliree   other  species 
of  bacilli  which,  when  similarly  treated,  react  in  tlie    , 
same  way.     It  is  of  importance  to  bear  this  point  titl 
minil,  particularly  in  the  microscopic  cxaminatimi  of  5 
urine   and   jiatliiilf^ical   secretions    Irom    the    genito*^ 
urinary  tnict  and  from  the  rectum,  for  of   the  tliree  / 
spi'cies   two   are  frequently   found  in  these   localities^  j 
viz.,   tlio   so-called    mneffma   baeillue,    located    in    tbej 
smegma  and  often  ^een  )>eneatli  tiie  pr(>])iice  and  upon  if 
the  vulva,  Imth  normally  and  in  disease,  and  the  » 
called  hiicilliin  of  iti/philli',  de«-ril)cd  by  Lustgarten  i 
ciintained  in  syphlliti<^  man ifer<tat ions,   particularly   m 
primary  suree.    The  third  organism  of  this  grouj*— the 
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barilJus  of  leprosy — because  of  its  rarity  is  not  so  likely 
to  mu^  error  in  the  diagnosis  of  {tatholi^ieul  eonditions 
occurring  in  these  localities. 

According  to  Hueppe,  the  differential  diagnosis  be- 
tween the  four  organisms  depends  ujmn  the  following 
re&ctione:  when  stained  l)y  the  carbol-fuchsin  metliod 
commonly  employed  in  staining  the  tubercle  bacilluH 
the  syphilis  bacillus  becomes  almost  instantly  decolor- 
ized by  treatment  with  mineral  acids,  particularly  sul- 
phuric acid,  whereiis  the  smegma  liaeillus  resists  such 
treatment  for  a  nirich  longer  time,  and  the  lepra  and 
tubercle  bacillus  for  a  wtill  longer  time.  On  the  other 
hand,  if  decolorizatioii  is  practised  with  alcohol,  uistead 
of  acids,  the  smegma  bacillus  is  the  iirst  to  lose  its  color. 
The  bacillus  tuberculosis  and  the  bacillus  of  leprosy  are 
conspicuously  retejitive  of  their  color  even  ailer  treat- 
ment with  botli  acids  and  alcohol.  To  differentiate, 
then,  between  the  four  organisms  he  recommends  the 
following  order  of  procedure,  based  on  the  above  reac- 
tions : 

1.  Treat  the  preparation,  stained  with  carbol-fuchsin, 
with  dilute  sulphuric  acid ;  tlie  syphilis  bacillus  becomes 
decolorized,  the  reaction  being  almost  instantaneous. 

2.  If  it  is  not  at  once  decolorized,  treat  with  alcohol ; 
if  it  is  the  smegma  bacillus,  this  will  rob  it  of  its  color. 

3.  If  it  is  atill  not  decolorized,  it  is  either  the  lepra 
or  tubercle  bacillus. 

Grcthe  reoomraends '  tlie  following  as  a  trustworthy 
means  of  distinguishing  between  the  tubercle  bacilbiri  and 
the  smegma  liocillus  :' stain  in  hot  earbol-fiichsin  solution, 
wash  in  water,  and  treat  the  preparation  with  a  saturatecl 
solution  of  methylene-blne  in  alcohol.     If  the  question- 
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able  oi^nism  is  the  tiilierele  Uicilhis,  it  retains  Jta  red 
color;  if  the  siuegoiu  bacillus,  the  Tvd  color  is  dissolved 
by  the  alcohol  aotl  the  blue  color  is  substituted  for  it. 

The  difTercDtial  diagnosis  between  the  tubercle  bacil- 
lus and  the  lepra  bacillus  is  leas  satisiactory  ;  tlicy  l>otli 
take  the  same  stains,  and  both  retain  tlieni  or  give 
them  up  under  treatment  with  tlic  i^ajiie  decolorizer^. 
The  results  of  investigations,  however,  indicate  rlift'er- 
ences  in  the  raieof  staining  and  decolorization,  and  it  b 
stated  bv  many  of  those  who  have  comjiared  the  two 
organisms  that  the  lepra  bacillus  takei4  up  stain  veiy 
much  more  rcfldily  tlian  does  tJie  tubercle  bacillus, 
often  staining  perfectly  after  an  exposiu*  of  only  a  few 
minutes  to  cold  water)-  solutions  of  the  dyes  ;  but  when 
once  stained  it  retains  its  color  much  more  tenaciously 
when  acted  upon  by  decolorizing-agcnts  than  does  the 
latter  oiganism. 

Acconling  to  Baumgarten,  the  lepra  bacillus  is  stained 
by  an  exposure  of  six  to  seven  minutes  to  a  cold,  eata- 
rated  watery  solution  of  fiichsin,  and  retains  the  staiu 
when  )jul)sequently  treated  with  acid  alcohol  (nitric 
acid,  1  part;  alcohol,  10  parts).  By  similar  treatment 
for  the  «ame  length  of  time  baeiUua  tuberculosU  dom 
not  onlinarily  liecnmc  stained. 

These  [Kiints,  particularly  what  has  been  said  with  nt- 
orencc  to  the  smegma  bacillus  and  tlie  ha<-illiis  of  syph- 
ilis, are  of  much  practical  ioiportance,  and  should  always 
be  borne  in  mind  in  connection  with  the  microscopic 
examination  of  materials  to  which  tlu'se  oiganisms  are 
likely  to  gain  access.  It  is  hardly  necessary  to  say  that 
in  the  examination  of  sputum  and  (Mithological  fluids 
from  other  parl,'^  of  the  liody  the  tulK-rcIc  bacilluBM^,] 
of  the  four  oiganisms,  always  the  one  most  c 
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encountered,  while  the  orgauisni  described  by  Liist- 
garteii  as  the  bacilhts  of  sypliilk  is  seen  bo  rarely  that 
mauy  tnistworthy  investigatore  qiiefition  its  existence 
as  ii  species  distinct  from  the  ordinary  smegma  bacillus. 

TiiBBBcniJN. — Tlie  filtered  products  of  growth  from 
ohl  fluid  cultures  of  the  tubercle  bacillus  reprt^seut  what 
ie  known  as  tidtei-ciilln — a  group  of  proteid  substances 
possessing  most  interesting  properties.  When  injected 
enbcufaneously  into  healthy  subjects  tuberculin  has  no 
effect ;  but  wlieii  introduced  into  the  body  of  a  tulier- 
culous  prson  or  animal  a  pronounced  systemic  reaction 
results,  consisting  of  sudden  but  temjmrary  elevation  of 
temperature,  with,  at  the  same  time,  the  occurrence 
of  marked  hypenemia  about  the  tuberculous  foeus, 
a  change  histologically  analogous  to  that  seen  in  the 
primary  stages  of  acute  inflammation.  This  zone  of 
hyperiemia,  with  the  coincident  exudation  and  infiltra- 
tion of  cellular  elements,  probably  aids  in  the  isolation 
or  easting  oft'  of  the  tuberculous  nodule,  the  inflamma- 
fory  zone  forming,  so  to  speak,  a  line  of  demarcation 
between  the  diseased  and  healthy  tissue. 

As  a  curative  agent  for  the  treatment  of  tuberculosis, 
tuberculin  has  not  merited  the  cimfldence  tliat  was  at 
first  accorded  fo  it.  Its  field  of  usefulness  is  now 
almost  limited  to  the  diagnosis  of  obst^ure  eases,  and 
even  for  this  purpose  it  is  less  frequently  employed 
than  formerly. 

In  veterinary  medicine  it  has  proved  nnich  more 
trustworthy  as  a  <liagnostic  ai<l,  and  is  pra<itically 
everywhere  in  use  for  the  detection  of  incipient  tuber- 
culosis, enjK'eially  in  cattle. 

Susceptibility  op  Animals  to  Tuberculosis. — 


332  BACTERIOLOGY. 

The  animals  that  are  known  to  be  susceptible  to  tu- 
berculosis are  man,  apes,  cattle,  horses,  sheep,  guinea- 
pigs,  pigeons,  rabbits,  cats,  and  field-mice.  White  mice, 
dogs,  and  rats  posse&s  immunity  from  the  disease. 

We  have  reviewed  the  three  common  pathogenic 
organisms  with  which  we  may  come  in  contact  in  the 
sputum  of  tuberculous  individuals.  Occasionally  other 
forms  may  be  present.  The  pyogenic  forms  are  not 
rarely  found,  and  for  some  time  after  an  attack  of 
diphtheria  the  bacillus  of  Loffler  is  demonstrable  in 
the  pharynx,  so  that  it,  too,  may  be  present  under 
exceptional  circumstances. 

From  tim(»  to  time  fowls  are  known  to  suffer  from 
a  form  of  tuberculosis  that  in  a  number  of  ways  sug- 
gests human  or  mammalian  tuberculosis.  The  bacillus 
causing  the  diseavSe,  the  so-called  bacillus  of  fowl  tuber- 
culosis, baoUluH  tuberculosis  (tvlum,  while  simulating  the 
genuine  haci/fus  iuhercu/osis  morphologically,  differs 
from  it  both  in  cultural  and  pathogenic  p(H'uliarities. 
Thus,  for  instance,  it  develops  into  niu(;h  longer  and 
sonu^what  thinner  threads ;  grows  rapidly  on  me<lia 
without  glycerin  or  glucose  ;  does  not  grow  on  potato; 
develops  as  well  at  from  42°  to  4:5°  C.  ns  at  37°  to  38° 
C.  ;*  its  virulence  is  not  diminished  bv  cultivation  at 
43°  i\  ;  development  on  artificial  media  begins  in  from 
six  to  eight  days  after  inoculation  ;  young  cultures  on 
solid  media  are  whitish,  soft,  and  moist,  bec(miing  yel- 
lowish and  slimy  with  age;  it  is  somewhat  more  resist^ 
ant  to  drying  and  high  temj)eratures  than  the  bacillus 
of  mammalian   tuberculosis;   the   results  of  its  patho- 

*  The  normal  b(Hly-tcmpcrature  of  fowls  ranges  between  41.5°  and 
42.5°  C. 
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genie  activities  are  almost  always  chn)nie,  are  rarely 
Itxateii  in  the  Itiugs  or  intCHtineij,  but  are  especially  fre- 
(]ueiit  in  the  liver  anil  spleen ;  the  lesions  are  conspic- 
uously rjph  in  Imeilli,  do  not  show  the  ecutral  necrotic 
area  that  characterizes  the  mammuliuii  tubercle ;  the 
disease  is  transmissible  from  the  hen  to  the  embryo 
chick  ;  the  only  susceptible  mammal  is  the  rabbit ;  the 
guinea-pig  and  dog  are  naturally  immune;  it  has  the 
same  micro-chemical  staining-rcoctions  as  mammalian 
bacillus  tuberculosis;  it  has  never  bceu  certainly  de- 
tected in  human  tubcrcuhisls. 

Some  arc  inclinod  t<i  regunl  thia  organism  as  but  a 
variety  of  the  genuine  bfuiilht^  tuberculosis,  and  it  is  not 
uareasonable  to  believe  that  tlic  sojourn  of  that  organ- 
ism in  the  ImhIj'  of  a  refractory  animal,  who.se  normal 
temperature  w  so  high  as  that  of  the  fowl,  when  not  fatal 
to  the  oi^nism,  mi^ht  result  iu  striking  mod  ili  cat  ions 
of  certain  of  its  biological  fimctions.  In  fact,  Nocard ' 
has  shown  that  if  the  genuine  baei/his  hibo'cu/osis  from 
man  be  left  in  the  peritoneal  cavity  of  chickens  (by  the 
collodiou-sac  mctluwl  of  Motschnikoff,  Roux,  and  Sal- 
lembini,  which  sec)  for  from  tivc  to  eighth  months,  they 
will,  by  the  end  of  this  time,  have  become  so  modified 
in  tlieir  biological  peculiarities  as  to  simulate  very 
closely  the  bacillus  of  fowl  tuberculosis. 

Theobald  Smith'  has  called  attention  to  certain  very 
conspicuous  differences  that  may  l>e  observed  between 
the  bacilli  obtained  from  human  and  those  from  bovine 
tubcnnilosis. 

Anatomical  lesions  very  an^estive  of,  though  not 

>  Nocard  :  AnDitlits  ilo  I'lnstitnt  l^uHtenr,  189^,  p.  TiGl. 
*9iniUi:  Tniiaactioiu  AsBodBtiuii  ot  Americui  FbyeiciaDS,  l>iS6, 
Tol,  xi.  y.  75. 
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identical  with,  those  produced  by  betdllua  tuberculosis 
have  also  from  time  to  time  beeii  observed  in  mice,  rats, 
guinea-pigB,  rabbits,  cat«,  goatt^,  bovinen,  hogs,  awl  man. 
They  do  not  appear  to  be  of  a  specitic  nature  as  regards 
(.'tiologj',  for  the  reason  tliat  diti'erent  authors  have  de- 
scribed ditf'eront  species  of  bacilli  as  the  causative 
agents.  These  conditions  suggest  tuberculosis  only  by 
the  more  superfieial  ehiiracter  of  tlie  lesions,  for  in  no 
instance  have  the  oi^uisms  detected  been  in  any  way 
similar  to  tJie  genuine  badHue  lufiermlosis.  These  affec- 
tions usually  pass  under  the  name  pseudo-tuberculosis. 

THE    BACILLUS   OP    INFLUKSZA, 

An  im[Hjrtant  historic  epidemic  disease,  on  the  nature 
of  which  much  light  has  been  shed  through  modem 
methods  of  investigation,  is  iufiuenza.  Quoting  Hirsch, 
the  first  trustworthy  literary  records  that  we  have  of 
this  disease  date  from  the  early  part  of  the  twctfUi 
century. 

Between  1173  and  1874  it  made  its  epidemic  or  pan- 
demic appearanee  on  eighty-six  different  occasions.  Its 
first  appearance  in  tins  countr}'  was  in  Massachusetts  in 
1627  ;  since  that  time  there  have  been  twenty-two  vis- 
itations of  influenza  to  the  United  States.  The  pan- 
demic of  188!)-'90,  the  most  severe  for  a  long  time, 
appears  to  have  originated  in  Central  Asia  and  to  have 
spread  pretty  much  over  the  entire  civilized  world.  The 
advent  of  inlluenza  in  a  community  is  always  remark- 
able fur  its  astonishing  rate  of  transmission  from  per^ 
son  to  person  and  its  dissemination  over  wide  areas. 

During  the  recent  pandemic  investigations  having 
for  tbetr  object  the  discovery  of  its  cause  were  insti- 
tuted, with  the  result  of  demonstrating  in  the  catarrhal 
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secretions  from  the  air-passages  a  micro-orgaDism  that 
is  claimed  to  stand  ia  causal  relation  to  influenza. 

This  organism,  baeiUus  infiuejtsa;,  as  it  ia  called,  was 
discovered,  isolated,  cultivate<l,  and  described  by  R. 
Pfciffer. 

It  is  a  very  small,  slender,  non-spore-forming,  non- 
motile,  aerobic  bacillus,  occurring  singly  and  in  pairs, 
joined  end  to  end.  It  stains  with  watery  solntions  of 
the  ordinary  basic  aniline  dyes ;  somewhat  better  with 
alkaline  methylene-blue,  but  best  when  treated  for  five 
rainntes  with  a  dilution  of  Ziehl's  carbol-fuchsin  in 
water  (the  color  of  the  solution  should  be  pale  red). 
(Fig.  64.)     It  is  df  colorized  by  the  method  of  Gram. 


1 


It  develops  only  at  tomperaturt's  muging  from  2(3° 
to  43"  C.  Its  optimum  temjieniture  for  growth  is 
37"  C.  It  possesBCB  tlie  peeuliurity  of  developing  upon 
only  those  artificial  culture-media  to  which  blood  or 


336  BACTERIOLOGY. 

blood-coloring-matter  has  been  added.  Its  cultivation 
is  best  conducted  and  its  development  most  satisfac- 
torily observed  by  the  following  procedure :  over  the 
surface  of  a  slanted  agar  tube  or  over  agar-agar  solid- 
ified in  a  Petri  dish  smear  a  small  quantity  of  sterile 
blocxl  (not  bkxKl-serum).  A  bit  of  the  mucus  from  the 
sputum  of  the  influenza  patient  is  then  taken  up  with 
sterilized  forceps  or  on  a  sterilized  wire  loop,  rinsed 
in  sterile  bouillon  or  water  and  rubbed  over  the  sur- 
face of  the  prepared  agar-agar.  The  plate  or  tube  is 
then  placed  in  the  incubator  at  37°  to  38°  C.  If  in- 
fluenza bacilli  be  present,  they  will  develop  as  minute, 
transparent,  watery  colonies  that  are  without  structure, 
and  which  resemble  somewhat  minute  drops  of  dew. 
They  are  discrete  and  show  little  or  no  tendency  to 
coalesce. 

If  a  small  bit  of  mucus  be  rubbed  over  the  surface 
of  ordinary  nutrient  agar-agar,  no  such  colonies  de- 
velop. In  making  the  diagnosis  by  this  methoil  cult- 
ures on  both  agar-agar  containing  blood  (not  blood- 
serum)  and  agar-agar  eontiiining  no  blood  should  always 
be  made,  for  the  reason  that  growth  of  these  j)eculiar 
colonies  in  the  former  and  no  such  growth  in  the  latter 
are  evidence  that  one  is  dealing  with  materials  from  a 
case  of  influenza. 

The  organism  may  also  be  cultivated  in  bouillon  to 
which  bl(K)d  has  been  added,  if  kept  at  boily-tempera- 
ture.  The  growth  appears  as  whitish  flakes.  Since  this 
orgjuiisui  is  a  strict  aerolx',  its  cultivation  c^m  only  be 
conducted  on  the  surface  of  the  medium  used — /.  c, 
where  it  has  freest  access  to  oxygen.  It  is  therefore 
inadvisabl(»  to  prepare  plates  in  the  usual  way.  When 
its  cultivation   is  attempted  in  bouillon   it  is  recom- 
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mended,  in  onU-r  to  favor  the  j'rcc  diffiiwion  of  oxygen, 
that  the  dcptli  of  Hiiiil  be  verj'  shallow. 

Contrary  to  wliat  might  be  (snpijosed,  the  bacillus  of 
influenza  has  very  little  tenacity  <)f  life  outside  of  the 
digeaaed  body.  It  is  dcstmycd  in  from  two  to  three 
hours  by  rapid  drying,  and  in  fnim  eight  to  twenty- 
four  hours  when  dried  more  slowly.  Cultures  retain 
their  vitality  for  from  two  to  three  weeks.  The  organ- 
ism dies  in  water  in  a  little  over  a  day.  As  a  result  of 
these  obBcr\'ati<His,  I'ltift'cr  does  not  believe  the  disejise 
to  he  dis.semin!ited  by  either  the  air  or  the  water,  but 
rather  by  dire<!t  infe<'tion  from  the  caturrlial  secretions 
of  the  pafieiitn. 

This  organisiu  has  not  been  fonnd  outside  of  the 
human  boily.  In  the  infliienui  ])atient  it  is  present  in 
the  catarrhal  secn'tiiins,  bronehial  niueous  membrane, 
and  the  tlisesised  liing-t issues.  It  may  he  demonstrated 
microsoopieally  in  the  miiens  by  e()ver-slip  prejMira- 
tions  made  in  the  usual  way  and  staincil  with  diluted 
earlKtl-fuehsin,  refi'rred  to  above.  In  the  tissues  it 
may  ix;  demoiiistrated  in  sections  stsiined  in  the  same 
solution.  In  the  sputum  the  bacilli  are  found  as  masses 
and  as  s<!atten'd  cells.  (See  Fig.  (i4.)  They  an-  also 
found  within  the  liodies  of  leiieoeytes,  es])ecially  in  the 
later  stages  of  the  disease  wh(m  convalescence  has  set 
in;  at  this  time  they  apix-ar  as  very  small,  irregtdar, 
evidently  degenerated  bacilli  within  white  blood- 
corpuscles.  They  are  also  present  in  the  nasal  secre- 
tions. 

At  autopsies  it  is  advisable  to  cut  out  pieces  of 
the  diseased  tissue  about  the  size  of  a  jx'a  or  a  bean, 
break  them  up  in  a  small  quantity  of  sterile  water  or 
bouillon,  and   make   the   cultures  from   this   infusion. 
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By  this  proccxlure  two  advantages  are  gained:  first, 
a  dilution  of  the  number  of  bacteria  present;  and, 
secomllv,  the  tissue  furnishes  the  amount  of  hsemo- 
globin  necessary  for  the  growth  of  the  organism. 
Under  these  circumstances  it  is,  of  course,  not  neces- 
sar\'  to  make  a  further  addition  of  blood  to  the  culture- 

ft 

medium. 

The  only  animal  that  has  been  foimd  susceptible 
to  inoculation  with  this  organism  is  the  monkey.  By 
intratracheal  injection  Pfeiffer  succeeded  in  causing  a 
toxic  condition  that  proved  fatal.  He  does  not  regard 
the  death  of  the  animals  as  due  to  infecticm,  but  rather 
to  intoxication.  The  disease,  as  seen  in  man,  has  not 
been  reproduced  in  animals. 


CHAPTEK  XIX. 

GUndciB — Cliara«teri8tics  of  tbo  diBcsm — Uietolii^cical  stiocturo  of  the 
glBudeiB  uodulH — Sasccptibility  ut  diffuront  animSilg  to  glsDilois — 
ThF  bacillus  ut  glanders;  ila  niorpholnglcal  and  cultural  peculiar]- 
tins — l:HagnaBlH  of  glanders. 

Synonyms  :  Rotz  (Ger.),  Morve  (Fr.). 

The  diaease  ia  generally  known  as  glELoders  when  the 
mufous  membrano  of  the  nostrils  Is  affected,  and  as  farcy 
when  the  subcutaneous  lymphatics  are  the  princijtal  sites 
of  involvement. 

Though  moat  commonly  seen  in  the  horse  and  ass, 
glanders  is  not  rarely  met  with  in  other  animals,  and  is 
occasionally  encoimtered  in  man.  When  occurring 
spontanoonsly  in  the  horse  its  primary  seat  is  usually 
upon  tile  mucous  membrane  of  the  nostrils.  It  appears 
in  the  form  of  small  gray  nodules,  about  which  the 
membrane  is  congested  and  swollen.  These  nodules 
ultimately  coalesce  to  form  ulcers.  There  is  a  profuse 
slimy  discharge  from  the  nostrils  during  the  course  of  the 
disease.  Tlie  primary  lesion  may  extend  from  its  seat  in 
the  nose  to  the  mouth,  larynx,  trachea,  and  ultimately 
to  the  lungs.  Its  secondary  manifestations  are  observed 
along  the  lymphatics  that  communicate  with  the  initial 
fociie ;  in  the  lymphatic  glands,  and  as  metastatic  foci 
in  the  internal  organs.  Ijohs  frequently  the  disease  is 
seen  to  begin  in  the  skin,  particularly  in  the  region  of 
the  neck  and  breast.  When  in  this  locality  the  sub- 
entaneous  lymphatics  become  involved,  and  are  con- 
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verted  into  indurated,  knotty  eords — "fisurcy-buds" — 
easily  discernible  from  without. 

In  man  it  usually  occurs  in  individuals  who  have 
been  in  attendance  upon  animals  affected  with  the  dis- 
ease. It  may  occur  upon  the  mucous  membrane  of  the 
nares ;  but  its  most  frequent  expressions  are  in  the  skin 
and  muscles,  where  appear  abscesses,  phlegmons,  ery- 
sipelas-like inflammations,  and  local  neon)sis  closely 
resembling  carbuncles.  Metastases  to  the  lungs,  kid- 
neys, and  testicles,  as  in  the  horse,  may  also  be  seen. 

When  occurring  upon  the  mucous  membrane  glan- 
ders is  characterized  by  the  presence  of  gray  nod- 
ules, about  as  large  as  a  pin-head,  that  closely  re- 
semble miliary  tubercles  in  their  naked-eye  appearance. 
These  consist  histologically  of  granulation-tissue — i.  c, 
of  small  round  cells,  very  similar  to  proliferating 
leucocytes — of  some  lymph-cells,  and,  in  the  earliest 
stages,  of  a  small  ix)rtion  of  necmtic  tissue.  As  they 
grow  older,  and  the  process  advances,  there  is  a 
tendencv  to  central  necrosis,  with  the  ultimate  for- 
mation  of  a  soft,  yellow,  creamy,  pus-like  material. 
Though  strikingly  like  miliary  tubercles  in  certain 
respects  in  the  early  stages,  they  present,  nevertheless, 
decided  points  of  difference  when  examineil   more  in 

detail. 

The  round-coll  infiltration  of  the  glanders  nodule 
consists  essentially  of  polynuclear  leucocytes,  while  that 
of  the  miliary  tubercle  partakes  more  of  the  nature  of  a 
lymphocytic  infiltrati<m  ;  in  the  later  stages  of  the  proc- 
ess the  glanders  nodule  breaks  down  into  a  soft  creamy 
matter,  very  analogous  to  onlinary  pus,  while  in  the 
later  stairos  of  the  niiliarv  tubercle  t\w  tendency  is 
to   an    amalgamation   of  its    histological    constituents, 
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and  iiliiiimtely  to  uucnisis  witli  casLnitlon.  The  giant- 
cell  formation  comraou  to  tuberculttsia  is  never  seen  in 
the  glunilent  no<liilc.  As  Buuiugiirten  aptly  pute  it: 
"  The  pathulogiual  manifestations  of  glanders,  I'rom  the 
histolo^cal  aspect,  stonti  midway  between  the  aade 
puruleiU  and  the  rJironic  inflammatory  processes."' 
Kvidently  these  differences  are  only  to  be  explained 
by  differences  in  the  nature  of  tlie  canses  that  underlie 
the  several  affections.  \Vc  have  studied  the  cliaracter- 
istics  of  bac'Ulm  iu&trctdomn ;  we  shall  now  take  up  the 
bacillus  of  glanders  and  note  the  striking  differences 
between  them. 


THE  BACILLUS  OP  GLANDEBa  (BACILLUS  StALLEl). 

In  1882  Loftier  and  Schiitz  discovered  in  the  diseased 
tissues  of  animals  aufitring  from  glanders  a  Iracilliis  tliat, 
when  isolated  in  pure  culture  and  inoculated  into  sus- 
ceptible animals,  possesses  the  property  of  reproducing 
the  disease  with  all  itj^  cluneal  and  patholt^ical  mani- 
festations.    It  is  therefore  the  cause  of  the  disease. 

This  organism  is  a  rod,  with  rounded  or  slightly 
pointed  ends.  It  usually  stains  somewhat  irregularly. 
(See  Fig.  65.)  When  examined  in  stained  prepara- 
tions its  continuity  is  marked  by  alternating  darkly 
and  lightly  stained  areas.  It  is  usually  seen  us  a 
single  rod,  but  may  occur  in  pairs,  and  less  frequently 
in  longer  filaments, 

The  question  as  to  its  spore-forming  property  is  still 
an  open  one,  though  the  weight  of  evidence  is  in  oppo- 


'  For  a  further  dJBcnBsion  oE  the  pstholoRy  and  pathogenesis  of  this 
diwauo,  Bee  Lcbrbudi  dei  pftthologischcn  MykiJoKie,  by  Bnumgaiien, 
ISBO.  S(v,alM>,  Wright:  "The  HlsIflloRluil  Lffiiona  of  Acute  Qlanden 
Id  Uaii,"  Joutub]  of  ExiKTiiucutal  MtMlicinc,  vol.  i.  p.  577. 
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sitiou  to  the  opiaion  that  it  posgr^ises  this  peculiarity. 
Certain  observers  claim  to  have  detuoDstruted  spores  in 
the  bacilli  by  particular  methodfi  of  staimng;  but  this 
statement  can  have  hut  liwie  weight  when  compared 
with  the  behavior  of  the  organism  when  subjected  to 
more  conclusive  tc^ts.  For  example,  it  does  nut,  at 
any  stage  of  development,  resist  exposure  to  3  per  o«it. 


Blaudera  IhartOu  noUnl.  ftom  cullare. 


carbolic  acid  eiilution  for  longer  than  five  minutes,  nor 
to  I  :  >5000  guhlinuite  solution  for  more  than  two  min- 
utes.  It  is  destroyed  in  ten  minutes  in  some  experi- 
ments, and  in  five  in  others,  by  a  temperature  of  55°  C. ; 
and  when  <lried  it  loses  its  vitality,  a<-oonling  to  dif- 
ferent oliser\"ers,  in  from  thirty  to  forty  days;  all  of 
which  speat  directly  against  this  being  a  spore-bearing 
bacillus. 

H   \m  nnt  motUe,   Bud    docs   uot   therefore   possess 
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It  grows  readily  ou  orJiitary  nutrient  media  at  from 
25°  to  38°  0. 

Upon  nutrient  agar-agar,  both  with  and  without 
glycerin,  it  appears  aa  a  moist,  opaque,  glazed  layer, 
with  iiothiiig  characteristic  about  it,  This  is  true  both 
for  sraear-cultures  and  for  single  colonies. 

Its  growth  on  gelatin  in  nmch  less  vohmiiuoiis  than 
on  media  tliat  can  be  kept  at  higher  tein^Hratiirc,  though 
it  does  grow  on  this  media  at  room-temperature  without 
causing  li<]uefaction. 

It8  growth  ou  blood-serum  is  in  the  form  of  a 
moist,  opaque,  alimy  layer,  inclining  to  a  yellowish  or 
dirty,  brownish-yellow  tinge.  It  does  not  liquefy  the 
serum. 

On  jKitato  its  growth  is  moderately  rapid,  appearing 
in  from  twenty-four  to  thirty-six  hours  at  37°  C.  as  a 
moist,  amlier-yellow,  transparent  deposit  having  some- 
what tile  appearance  of  honey ;  this  becomes  deeper 
in  color  and  denser  in  consistence  as  growth  ]>rogrcsBes, 
and  finally  takes  on  a  reddish-brown  eohir;  at  the  same 
time  the  potato  about  it  becomes  darkened. 

In  bouillon  it  eausca  diffuse  clouding,  with  ultimately 
the  formation  of  a  more  or  less  tenacious  or  ropy  sedi- 
ment. 

In  milk  to  which  a  little  litmus  has  been  added  it 
causes  the  blue  color  to  become  red  or  reddish  in  from 
four  to  five  days,  and  quite  red  af^r  two  weeks  at  37°  C 
At  the  same  time  the  milk  separates  into  clear  whey 
and  a  firm  ciot  of  casein. 

Its  reactions  to  heat  are  very  interesting.  At  42°  C. 
it  will  often  grow  for  twenty  days  or  more.  It  will 
not  grow  at  43°  C,  and  if  exposed  to  this  temperature 
for  forty-eight  hours  it  la  destroyed.    It  is  killed  in  five 
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hours  when  exposed  to  50°  C,  and  in  five  minutes  by 
55°  C. 

It  grows  both  with  and  without  oxygen ;  it  is  there- 
fore facultative  as  regards  its  relation  to  this  gas. 

On  cover-slips  it  stains  readily  with  all  the  basic 
aniline  dyes,  and,  as  a  rule,  as  stated,  presents  conspic- 
uous irregularities  in  the  way  that  it  takes  up  the  dyes, 
being  usually  marked  by  deeply  stained  areas  that  alter- 
nate with  points  at  which  it  either  does  not  stain  at  all 
or  only  slightly. 

The  animals  susceptible  to  infection  by  this  organism 
are  horses,  asses,  field-mice,  guinea-pigs,  and  cats. 
Baumgarten  records  cases  of  infection  in  lions  and 
tigers  that  were  fed,  in  menageries,  with  flesh  from 
horses  affected  with  the  disease.  Rabbits  are  but 
slightly  susceptible  ;  dogs  and  sheep  still  less  so.  Man 
is  susceptible,  and  infection  not  rarely  terminates  fatally. 
White  mice,  common  gray  house-mice,  rats,  cattle,  and 
hogs  are  insuscej)tible. 

Inoculation  Experiments. — The  most  favorable 
animal  upon  which  to  study  the  pathogenic  properties 
of  this  organism  in  the  laboratory  is  the  common  field- 
mouse.  When  inoinilated  subcutaneouslv  with  a  small 
portion  of  a  pure  culture  of  the  glanders  bacillus  death 
ensues  in  about  seventy-two  hours.  The  most  conspicu- 
ous tissue-changes  will  be  enlargement  of  the  spleen, 
which  is  at  the  same  time,  almost  eonstiuitly,  studded 
with  minute  gray  nodules,  the  typical  glanders  nodule. 
They  are  rarely  present  in  the  lungs,  but  may  frequently 
be  seen  in  the  liver.  From  these  nodules  the  glanders 
bacillus  may  be  obtained  in  pure  culture.  With  the 
exception  of  the  characteristic  nodules,  the  disease  as 
seen  in  this  animal  presents  none  of  the  features  that 
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it  displays  in  tlie  horse  and  iisa.  The  clinical  and  piitb- 
ological  niuoifeetatiuns  rusulting  i'runi  inouulatiou  of 
guinea-pigs  are  much  more  fiiitbful  reproductions.  The 
animal  lives  usually  from  six  to  eight  weeks  after  inocu- 
lation, and  during  tliis  time  becomes  affected  with  a  group 
of  moat  interesting  and  [icculiar  pathological  processes. 
The  specific  inflammatory  condition  of  the  mucous 
membrane  of  the  nostrils  is  almost  always  present.  The 
joints  become  swollen  and  infiltrated  to  such  an  extent 
as  often  to  interfere  with  the  use  of  the  lege.  In  male 
animals  tlie  testicles  become  enormously  distended  witli 
pus,  and  on  closer  examination  a  true  orchitis  and  epi- 
didymitis are  seen  to  be  present.  The  internal  organs, 
particularly  the  lungs,  kidneys,  spleen,  and  liver,  are 
usually  the  seat  of  the  nodular  formations  characteristic 
of  the  disease.  From  all  of  these  disease-foci  the 
bacillus  causing  them  can  be  isolated  in  pure  culture. 

Staining  jn  Tusari'W. — Though  always  present  in 
the  diseased  tissues,  considerable  trouble  is  usually 
experienced  in  demonstrating  the  bacteria  by  staining- 
methods.  The  difficulty  is  due  to  the  fact  tliat  the  bacilli 
are  very  easily  decolorized,  and  in  tissues  stained  by 
the  ordinary  processes  are  roblied  of  their  color  even 
by  the  alcohol  with  which  the  tissue  ih  rinsed  and  de- 
hydrated. If  we  will  remember  not  to  employ  con- 
centrated stains,  and  not  to  expose  the  sections  to  the 
stains  for  too  long  a  time,  but  little  treatment  with 
decolorizing-agentw  is  necessary,  and  very  satisfactory 
preparations  will  Ik?  obtained.  A  number  of  methods 
have  been  sugjfested  for  staining  the  glanders  bacilli 
in  tissues,  and  if  what  has  been  said  will  be  borne  in 
mind,  no  difficulty  should  be  experienced. 

Two  satisfactory  methods  that  we  have  used  for  this 
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piirpoue,  though  perhajw  no  better  than  some  of  the 
othors,  are  as  follows: 

a.  Transfer  the  sections  from  alcohol  to  distttlec) 
water.  This  lessens  the  intensity  with  which  the  (stain 
subsequently  takes  hold  of  the  tissues,  by  diminish- 
ing the  acti\'ity  of  the  diffusion  that  would  occur  if 
they  were  placed  from  alcohol  into  watery  solutions  of 
the  dye».  Tmnsfer  from  distilled  water  to  the  slide, 
absoi^  all  water  with  blotting-paper,  and  stain  with 
two  or  three  drops  of 


for  thirty  minutes ;  aI)aorb  all  superfluous  stain  with 
hlotting-[tai>er,  and  wash  the  section  three  times  witJi 
0.3  per  cent,  acetic  acid,  not  alh)wiug  the  acid  to  act 
for  more  than  ten  seconds  each  time.  Remove  all 
acid  from  the  section  by  eareliilly  washing  in  distilled 
water ;  absorb  all  water  by  gentle  ]»ressuro  with  blot- 
ting-paper; and  finally,  at  vrri/ viodn-ale  heat,  or  with 
a  small  licUows  (Kiihne),  dry  the  section  completely  on 
the  slide.  When  dned  clear  in  xylol  and  mount  in 
xylol  balsam. 

i.  Transfer  the  sections  from  aU-ohol  to  distilled 
water;  from  water  to  tlie  dilute  iiiehsin  solution,  and 
gently  warm  (about  50°  C.)  for  fifteen  to  twenty 
minutes.  Transfer  sections  from  the  stainlng-Rolntion 
to  the  slide,  absorb  all  superfluous  stain  with  blotting- 
paper,  and  then  treat  them  with  1  per  cent,  acetic  acid 
from  one-half  to  threo-cjuarters  of  a  minute.  Remove 
all  trace  of  acid  with  dislilletl  water,  absorb  all  water  by 
gentle  pressure  with  blotling-paper,  and  then  treat  the 
sections  with  absolnte  alcohol  by  allowing   it  to  flovr 
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over  them  drop  by  drop.  For  email  BectionB  three  or 
four  drops  are  sufficient.  Under  no  circumstances 
should  the  ulcohol  be  allowed  to  act  for  more  than 
ono-quarter  of  a  minute.  Clear  in  xylol  and  mount 
ui  xylol  balsam. 

By  method  b  the  tissues  are  better  proHtTved  thau  by 
method  a,  by  which  they  are  dried. 

Very  good  pre[>aratiouH  are  also  obtained  by  the  use 
of  Ijoffler'a  alkaline  methyleue-blue,  if  care  be  taken 
not  to  stain  for  too  long  a  time  nor  to  decolorize  too 
energetically  with  alcohol. 

No  method  of  conCmst-staiu  for  this  organism  in 
tissues  has  been  devised. 

Iq  properly  stained  tissues  the  bacilli  will  be  found 
most  nuraorous  in  the  centre  of  the  nodules,  becoming 
fewer  as  we  approach  the  periphery.  They  usually  lie 
between  the  cells,  but  at  times  may  be  seen  almost 
filling  some  of  the  epithelial  cells,  of  which  the  nodule 
contains  more  or  less.  They  are  always  present  in 
these  nodules  in  the  tissues;  they  are  rarely  present 
in  the  bloo<l,  and,  if  so,  in  only  small  numbers. 

DiAfiNosia  OP  THE  Disease  by  the  Method  op 
Sthal'SS. — From  what  has  been  said,  the  diiignoais  of 
glanders  by  routine  l)act*"riological  methods  is  certain 
and  relatively  easy,  but  requires  time.  In  clinical  work 
it  is  of  great  iniiwrtance  for  the  diagnosis  to  be  estab- 
lished aa  quickly  as  possible.  With  this  in  view  Strauss 
devised  a  method  that  has  given  entirely  satisfactory 
results.  It  contikts  iu  introducing  into  the  peritoneal 
cavity  of  a  male  guinea-pig  a  bit  of  the  suspected  tissue 
or  culture.  If  it  be  from  a  genuine  case  of  glanders, 
the  testicles  begiu  to  swell  in  about  thirty  hours,  and 
OS  this  proceeds  the  skin  over  them  beuomes  red  and 
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shining,  desquamation  occurs,  evidences  of  pus-forma- 
tion are  seen,  and,  indeed,  the  abscess  (purulent  orchitis) 
often  breaks  through  the  skin.  The  diagnostic  sign  is 
the  tumefaction  of  the  testicles. 

Mallein. — The  filtered  products  of  growth  of  the 
glanders  bacilhis  in  fluid  media  represent  what  is  known 
as  mailein — a  group  of  compounds  that  bear  to  glanders 
pretty  much  the  same  relation  that  tuberculin  bears  to 
tuberculosis.  It  is  used  with  considerable  success  as  a 
diagnostic  aid  in  detecting  the  existence  or  absence  of 
deep-seated  manifestations  of  the  disease,  the  glanderous 
animal  reacting  to  subcutaneous  injections  of  mallein  in 
from  four  to  ten  hours,  while  an  animal  not  so  affected 
gives  no  such  reactions. 

Mallein  is  prepared  from  old  glycerin-bouillon  cult- 
ures of  the  glanders  bacillus  by  steaming  them  for 
several  hours  in  the  sterilizer,  after  which  they  are 
filtered  through  unglazed  porcelain. 


CHAPTER  XX. 

BaaBm  dipUheriK — lis  isotatlon  and  niltivnliiiD — Morpbolugical  and 
cultural  peculiiiritiiM — Pnthugeiiii:  [iniptTlieB — Variotioiia  in  vira- 
leure— PHBiido-diphtheria  bacilli. 

Frijm  the  gray-white  depnpit  on  tlic  faurea  of  a  diph- 
theritic patient  prepare  a  series  of  cultures  in  the  fol- 
lowing way  : 

Have  at  hand  five  or  six  tubes  of  Lofflor's  blood- 
seniin  mixture.  (See  chapter  on  Media.)  Pass  a  atout 
platinum  needle,  which  has  been  sterilized,  into  the 
membrane  and  twist  it  around  onne  or  twice,  or  brush 
it  gently  over  the  surfat-e  of  the  nienibrane.  Without 
touching  it  against  anything  else  rub  it  carefully  over 
the  surface  of  one  of  the  seruin-tuhes ;  without  steriliz- 
ing it  pass  it  over  the  surface  of  tlie  second,  then  the 
third,  fourth,  and  fifth  tubes.  Place  these  tubes  in  the 
incubator.  Then  prepare  cover-slips  from  scrapings 
from  the  membrane  on  the  fauces.  If  the  ease  is  one 
of  true  diphtheria,  the  tubes  will  be  ready  for  examina- 
tion on  the  following  day. 

The  reason  that  plates  are  not  made  in  the  regular 
way  in  this  examination  is  that  the  bacillus  of  diph- 
theria develops  much  more  luxuriantly  on  the  serum 
mixture,  from  which  plates  eanuot  be  made,  than  it 
does  on  the  media  from  wliieh  thoy  can  be  made.  The  ■ 
method  employcl,  however,  insures  a  dilution  in  the 
number  of  organi-ims  present,  and  this,  in  addition  to 
the  &ct  that  tlie  blood-aerom  mixture  is  a  much  more 
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favorable  medium  for  the  rapid  development  of  the 
diphtheria  bacillus  than  of  the  other  organisms  present, 
makes  its  isolation  by  this  method  a  matter  of  but  little 
difficulty. 

After  twenty-four  hours  in  the  incubator  the  tubes 
present  a  characteristic  appearance.  Their  surfaces  are 
marked  by  more  or  less  irregular  patches  of  a  white 
or  cream-colored  growth,  which  is  usually  more  dense 
at  the  centre  than  at  the  periphery.  Except  now  and 
then,  when  a  few  orange-colored  colonies  may  be  seen, 
these  large  irregular  patches  are  the  most  conspicuous 
objects  on  the  surface  of  the  scrum.  Occasionally, 
almost  nothing  else  appears. 

The  cover-slips  made  from  the  membrane  at  the  time 
the  cultures  were  prepared  will  be  found  on  microscopic 
examination  to  present,  in  many  cases,  a  great  variety  of 
organisms;  but  conspicuous  among  them  will  be  noticed 
slightly  curved  bacilli  of  irregular  size  and  outline. 
In  some  cases  thcv  will  be  more  or  less  clubbed  at 
one  or  both  ends;  sometimes  they  apj>ear  spindle  in 
shape,  again  as  curved  wedges;  now  and  then  they  are 
irregularly  segmented.  They  are  rarely  or  never  regu- 
lar in  outline.  If  the  preparation  has  been  stained 
with  Loffler's  alkaline  methvlene-blue  solution,  manv 
of  these  irregular  rods  are  seen  to  be  marked  by  cir- 
cumscribed points  in  their  protoplasm  which  stain  verj' 
intensely — tlu^v  appear  almost  black.  This  irregularity 
in  outline  is  the  morphological  characteristic  of  baeilhut 
diphtherhr  of  L()ffler. 

It  must  be  rememlxTed,  howeviT,  that  the  diagnosis 
of  diphtheria  shouM  not  under  all  circumstances  be 
made  from  the  examination  of  cover-slip  preparations 
alone,  especially   when    th(»y  are  sttiined    only  by  the 
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iisiial  nii'lhiKj — i.  e.,  with  LoIHct's  methylene-blue. 
There  are  otlitT  organisms  present  in  the  moutli -cavity, 
particularly  iii  tbc  mouths  of  persons  haviiig  decayed 
teeth,  the  morphology  of  which  b  so  like  that  of  the 
bacillus  of  diplitheria  that  they  might  easily  be  mistaken 
for  tliat  organism  if  subjected  to  only  the  usual  method 
of  microscopic  examination ;  autl  ;^ain,  the  geimine  diph- 
theria bacillus  19  sometimes  found  iu  the  mouth-cavities 
of  healthy  persons  in  attendance  n[»on  diphtheria  cases, 
such  persons  being  at  the  time  insusceptible  to  tlie  patho- 
genic activities  of  the  organism.  In  tlie  vast  majority 
of  instances,  however,  where  tlie  clinical  condition  of 
the  patient  justifies  u  suspicion  of  diphtheria,  a  micro- 
scopio  examination  alone  of  the  deposit  in  the  throat 
will  serve  to  confirm  or  contradiot  this  opinion,  and 
such  examinations  very  freqiiently  reveal  the  diph- 
theritic nature,  etiologically  si«iking,  of  mild  condi- 
tions of  the  throat  which  are  not  associatcil  with  grave 
constitutional  manifestations. 

Jiaeiflue  diphtherkF,  discovered  microscopically  by 
Klcbs,  and  isolateil  in  pure  culture  and  pn>ve<i  to 
stand  in  canail  relation  to  iliphtlierin  by  Iwofflcr,  can 
readily  Ite  identifiwi  by  its  cultural  jieculiarities  and 
by  its  pathogenic  activity  when  intro<loced  into  tissues 
of  susceptible  animals.  In  guinea-pigs  nud  kittens  the 
results  of  its  growth  are  histological ly  idcnttciil  willi 
those  found  in  the  bodies  of  humuu  lieings  who  have 
die<l  of  diphtherin. 

When  stiulied  iu  pure  culture  its  niorplmlofiicnl  find 
cultural  iMH!uliaritics  arc  a»  follows : 

Mcmi'HouKiY, — As  obtained  directly  fmm  tbc  diph- 
therilic  dejKwit  in  the  throat  of  an  individual  siek  of 
Uic  disease,  it  is  sometimes  comparatively  regular  in 


shape,  apwarln^r  i*  '?cni:j:ht  ^^r  ^ii^rtitly  ftirved  rod?  with 
morr  ♦■■r  lesi?  p>m:^i  *en«k.  M»>n*  lTie«jQH^ntIj.  howiever, 
5piii«ile-  aiiii  •.'iiifci-riia.p*^  •■•mmit.  ai*I  n»>€  mvly  maov  of 
tfa(et?€  n.^L?  T=cilii  LrTfr'jriiLiriv :  in  f4>mie  of  them  verr 
deeply  -itiiintrii  r«xia«l  --r  «*\"al  p'mt:^  c^Mk  be  detected. 

IkllitQ  •.*»(/•/'./ v.--  ajv  exinimt^l  mion>?*»picallT  it  is 
e^ptt^iallv  cbira*.*ir^rL<i«-*  to  dn4  in\-j:TiLir.  bizarre  forms^ 
sat.-h  45  n>l?  vi-i:ti  •'n«r  or  U>ch  ends  swollen,  ami  verv 
fre«|a^ntly  n^k  bn>ken  at  inrvtrolar  intt^rvals  into  ^hort, 
aiharply  d«etined  sediments,  eith^T  nxind.  oval,  or  with 
straight  side:*.  S>mv  tV»rms  stain  unitomilv.  others  in 
vari«ms  irre:rular  wavs.  the  ni«>^t  o»>nimon  being:  the 
appeanin*v  of  dt-tply  stain^  granules  in  a  lightly 
staine«.I  t>aoillus- 

By  a  st^rios  of  stiidif-s  up^n  thi<  orjinisni  when  cul- 
tivattil  iind».r  artitioial  «>>nditions  we  have  found  that 
its  form  and  sizo  d*:  jK-nd  vt-ry  larp-Iy  u|^>n  the  nature 
of  its  cnvin>nniont.  That  is  to  s:iy.  its  morphology  is 
alwavs  m«»ro  n-iruhir.  and  it  i-  smalKron  irlveorin-agar- 
agar  than  on  other  nio«lia  us<il  fur  its  cultivation  :  while 
up>n  I^"iffler's  l>h»o<l-s<*nnu  the  oth«^r  extremes  of  de- 
velopment app'ar :  here  one  S4xs,  instead  of  the  very 
.shr>rt,  spindh-,-  huK-et,-  eluh-shajK'<l,  always  segmented 
and  regularly  staining  forms  as  sern  ujxm  glyeerin-agar- 
agar,  h>ng,  sometimes  extrenu^ly  slender,  sometimes 
thieker,  irn-trnlarlv  stainiuir  thn^ads  that  are  usually 
c'IiiMhmI  and  frrrpKutly  |w»int<Ml  at  tlxir  extn^mities. 
Thev  ans  as  a  rule,  marked  l»v  anas  that  stain  more 
in<<*nsr»lv  tlian  does  tho  nst  of  th<*  nwl,  and  at  times  thev 
may  h*'  *'»  little  swollen  at  the  centre.  These  differences 
are  so  conspicuous  that  microscopic  prcjmnitions  from 
cultures  from  the  same  source,  hut  cuitivatcMl  in  the  one 
case  on  glyc<Tin-agiir-agJir  an<l  in  the  other  upon  blood- 
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serum,  when  placed  side  by  side  would  luinlly  be  recog- 
nized •m  (jf  the  :iiime  organism,  uulesD  \X&  peculiar  be- 
havior under  tliesc  circum^tauices  was  already  known. 
Another  peculiar  variation  is  that  observed  upon  very 
slightly  acid  blood-scriun.  Here  the  rods  appear 
swollen,  and  are  usually  contracted  to  oval  or  tshort, 
oblong  bodies,  wliich  stain  very  faintly,  and  in  wliich 
are  asually  located  one  or  two  very  deeply  staining 
round  op  oval  points.  Various  authors  have  called 
attention  In  bninching  forms  of  this  organism  that  are 
occasionally  pueounlcred,  esjKvially  when  eultivat«d 
upon  albumin.  We  have  never  seen  the  hmnching 
diphtheria  Ixocilli;  and  in  approximately  9000  blood- 
Bcriim  cultures  from  cases  of  diphtheria  that  have  been 
examined  by  competent  bacteriologists  at  tlie  labomtoty 
of  the  Board  of  Health  of  Philadelphia,  the  branching 
forms  of  this  organism  were  not  observed  in  a  single 
instance.  It  is  fair  to  assume,  therefow,  that  this  pecu- 
liar morphologi<«l  variation  of  bnnllun  dipHthtTitc  is 
comparatively  rare. 

On  plain  nutrient  agar-agar  (that  is,  nutrient  agar- 
agar  without  glyeeriii) ;  on  solidifiLtl  egg-albumin;  on 
a  medium  consisting  of  dried  commereiul  albumin 
dissolvetl  in  bouillon  (about  10  grammes  of  ulhumin 
tr>  100  c,c,  of  bouillon  containing  1  |MTcent,  of  gmjKV 
sugar);  in  bouillon  without  glyt^-rin,  and  in  bouil- 
lon to  which  a  hit  of  liard-boihHl  <^  hai<  l)een  added, 
tlic  morpbolt^y  of  the  oi^anism  is  about  intermediate, 
in  both  size  and  outline,  between  the  forms  seen  upon 
glyMrin-ngaixigar  and  ujKtn  I/>ffler's  blood-serum. 
There  will  apjM'ar  al>out  an  equal  numlwr  of  short  seg- 
ment«<l  and  longer,  irn-guhirly  sbuning  forms;  but  in 
general  the  longest  are  rarely  as  long  as  the  long  forma 


'^  i^  r  are  not  so 

i>  siTiing- 

a      T-  -r-i    Mtitains 
:i   J  Tp:>    ^^  on 


ii-ii;illy  1)1-  iiiii-Ic  iiiit  :  wliil.-  ili.-  li.mi-  .11  i\w  ^)yi-i-rin- 
n}r,tr-»-s.iT  'iiltiip-  iip-  ilir>iiiL'li<-'ii  -n:::'.!.  ;inil  pn-tty 
n-^nlir  ill  -\y.-.  -\\ii\r-.  iiii.l  -i;iiiiiiiL'.  lii"-'  "ii  llu-  [liain 
:iu':ir-:i-_':ir  IIP  I:ir_"r. -lain  I1-:  iiiiin-rnily,  v;iry  innr*- in 
rl.;j|«.  :in.|  wli.ii  -liiin-i]  l.y  I.r.m.r'-  Mil.  im-  not  w 
n;;iil;irly  tii:irki->l  l>y  pit-  tnilijiVfTst-  liiK-s  that  girt- to 
i)ii'i[i  tlj''  ii|i[H-aninoG  of  being  nude  up  uf  n 
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Thoiigli  the  outline  of  this  organism  is  more  regular 
under  some  circimistauces  tlian  others,  it  is  nevertlielesfi 
always  coiiHpictiouH  for  its  mauifuld  varititions  In  sliape. 

Growth  on  Serum  Mixture. — The  medium  upoD 
which  bacillns  diplitheriie  gruwH  most  nipidly  and  lux- 
uriantly, and  which  is  liest  adapted  fi»r  determining  its 
presence  in  diphtheritic  exudates,  is,  as  has  been  stated, 
the  blood-serum  mixture  of  Loffler.  (See  chapter  on 
Media.)  On  the  blood-serum  mixture  the  colonies  of 
bacillus  dipIUkerifB  grow  80  much  more  rapidly  than  the 
other  oi^anisms  usually  present  in  secretions  and  exuda- 
tions in  the  throat  that  at  the  end  of  twenty-four  hours 
they  arc  often  the  only  colonics  that  attract  attention  ;  and 
if  others  of  similar  size  are  present,  tlicy  arc  generally  of 
quite  a  diS'erent  siBpcct.  Its  colonies  are  large,  round, 
elevated,  grayish-white  or  yellowish,  with  a  centre  more 
opaque  than  the  slightly  irregular  periphery.  The  sur- 
face of  the  colony  is  at  first  moist,  but  afler  a  day  or 
two  becomea  rather  dry  in  appearance. 

A  blood-aerum  tube  studded  with  coaleecent  or 
scattered  colonies  of  this  ot^nisni  is  so  characteristic 
that  one  familiar  with  the  appearance  can  anticipate 
with  tolerable  certainty  the  results  of  microscopic  exam- 
ination. 

Glycehin-aoar-agar,  — Upon  nutrient  glycerin- 
agar-agar  the  colonics  likewise  present  an  njipearance 
that  may  readily  be  recognised.  They  are  in  every 
way  more  delicate  in  structure  than  when  on  the  serum 
mixture.  They  apiiear  at  first,  when  on  the  sur- 
face, as  very  flat,  almost  transparent,  drj-,  non-glisten- 
ing, round  pfjints  which  are  not  elevated  above  the 
surface  ii]>on  which  tliey  are  growing.  When  slightly 
magnified  they  are  seen  to  be  granular,  and  to  present 
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aa  irregular  central  marking,  wliicL  is  denser  and  darker 
by  transmitted  light  than  the  thin,  delicate  zone  which 
surrounds  it.  As  the  colony  increases  in  size  the  thin 
granular  peripheral  zone  becuraes  broader,  is  usually 
marked  by  ridges  or  cracks,  and  its  periphery  is  notched 


Colunles  of  txirilliucIijiAftrTiff-on  Riycprln-agaragar.  a.  Colonics  located 
intlie  deplha  of  [hcmiidium.  6.  {'dIuhIcs  jiii<l  broHkingout  upon  the  surface 
of  tlio  mudiuni.    c.  Kully  .lovcloiwil  Biirrauc-djlimy. 

or  scalloiicd.  (Fig.  67,  c.)  Tlifso  colonies  are  always 
quite  dry  in  ajtpcaranfd.  ^V'llen  dt-ep  dosvn  in  the  agar- 
agiir  they  are  coarsely  uraniihir,  (Fig-  67,  a.)  They 
rarely  exceed  ',i  mm.  in  diainet^T. 

GBi,.^TrN. — On  gelatin  the  eolonics  develop  njuch 
more  slowly  than  on  niL'tlia  that  c;in  bo  retained  at  a 
higher  tcHipeniture,  They  rarely  jircscnt  their  char- 
acteristic ii|»iK"amiioes  on  geliitin  in  IvHf  thitn  seventy- 
two  hours.  They  then  iippear  as  Hat,  dry,  tRinsliieent 
])oints,  usually  rouiiii  in  ontlinc. 

When  magnified  slightly  the  centre  is  seen  to  be  more 
dense  than  the  surroundiiifr  zone  or  zones,  lor  they  arc 
sometimes  marked  by  a  coneentrit?  jirniiigenient  of 
Eones.  Tlic  iK-riphery  is  irre;£nl:irly  Tiotelieil.  Ijike 
the  colonies  sei.'n  im  agar-agar,  thiy  an-  frraindar,  but 
■Je  much  inon'  gninuhir  wlien  seen  in  the  depths  of  the 
fZjelatin  than  when  on  its  surfiKre.     <.>n  gelatin  the  vol- 
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onies  rarely  lieoorae  very  large;  iisuutly  they  do  nut 
esc«ui]  l.a  mm.  in  diameter. 

Boru.i>)N- — III  iKHiillon  it  uijiially  grows  in  fine 
o1nmpi4,  which  fall  to  the  l>ottoni  of  the  tube,  or  become 
deposited  on  its  sides  without  cauiung  difRise  clouding 
of  the  bouillon.  Sometimes  there  are  exceptions  to 
this  naked-eye  appearance :  the  bouillon  may  be  dif- 
fusely clouded ;  but  if  one  inspect  it  very  closely,  par- 
ticularly if  he  esamiue  it  microscopically  as  a  lianging 
drop,  the  arrangement  in  clumps  will  always  be  de- 
t<^ctcd,  but  the  clumps  are  so  small  as  not  to  be  dis- 
cemihle  by  the  unaided  eye. 

In  bouillon  kept  at  a  temperature  of  35°— 37"  C.  a 
soft,  whitish  pclliule  often  forms  upon  the  surface. 

Cknngix  in  reaciiojis  of  (lie  bmiUlon.  The  reaction  of 
Uie  bouillon  fn'quently  becomes  at  6r3t  acid,  and  sub- 
sequently again  alkaline,  ehanges  which  can  l>e  observed 
in  cultivations  in  bouillon  to  which  a  little  rosolic  acid 
has  been  added.  This  play  of  reactions  has  been  attrib- 
uted to  the  primary  fermentation  of  the  muscle-sugar 
often  present  in  the  lx)HilIon.  It  does  not  occur  when 
the  medium  is  free  from  carbohydrates. 

PfiTATo. — On  ])otjito  at  a  tcmj>eratiirc  of  .35''-37°  C. 
its  growth  afW  si'verul  <l.'iys  is  iiivisilile,  only  a  thin, 
dry  glaKC  appearing  at  the  point  at  which  the  potato 
was  inoeuhitcd.  MicrostMJpie  examination  of  s(>rapingB 
from  the  potato,  after  twenty-four  hours  at  3!)"— 37°  C, 
reveals  a  decidoti  increase  in  the  number  of  individual 
oi^nisms  planted, 

ST.\n-  AND  Si,ANT-cifi.TURES, — In  stab-  and  slant- 
cultures  on  both  gelatin  and  glyeerin-agar-agar  the  sur- 
face-growth is  seen  to  predominate  over  that  along  the 
track  of  the  needle  in  the  depths  of  the  media. 


■iurtjifr.'t'cithtrof  the  media 
:  ■";  prtstnt  thtf  suue  chamc- 
■-  ;;  :'  r  itie  i.t.il'inies  on  plates. 
-:a'-^iilmrt>s  tK>o#  not  extend 
C:  {"bt  a[  which  the  w^Ile 


!  1  n  t.  mfXTituiv  of  58°  C 
ni:,:i-i_-  to.m  -2-2=    to -17= 

;:i:r.r  timfvritiire. 
..;'  ..\y^n  is  mor*'  active 

'  :  ■  :;:-ri.iw  miulf  *'ither 
r:'  ■  :■.■;:■  ■■.:  vr  tn'm  u  |miv 
-  •;.  ;■.  [■'  -:;iin  n:nlHy  with 
:  -!,■:■-  ::!-■  l>y  tlio  iiU'lho«i 
-.  .  :■■  ■  ■■m;!i..1  I\v  ihi'  ««■ 
-  '■  •-!::;■.  II :  this  brinps 
;,-.  ;  ,:,:-    i-  Im,!v  of  the 


m,i;;.,i.i:i.l  : 


Lr.m*r  Iwil- 


r.iiiiiuils  thf 


.'r:::v:\;::<  « -ii  »:,■,;,  «.■  -iuii  iun,  [■■  .l.:ll.  Uit  the 
l':l.';"ii-  i.f'  .i]iiLi!!,ii:i  niuaiii-  i.s-.ili/nl  ;U  lUf  point 
t'l'  iii<«'i[latii'ii.  ran  Iv  ili>s«'iniu:tiit);;  iiirtiitT  tluin  the 
iiran-i  Itiiipliatii'  );lHiMlti.     ll  devohtps  at  the  pcunt  in 
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the  tissues  at  wliich  it  ts  depoi^ited,  and  during  its  de- 
vt'lupmcot  gives  rise  to  chajigea  in  the  tissues  which 
result  entirely  from  tlie  absnrptioQ  of  poisonous  albu- 
mins generated  by  the  bacilli  in  the  course  of  their  de- 
velopment. 

In  a  eertain  number  of  eases '  diphtheria  bacilli  have 
been  found  in  tlie  blood  and  intenml  organs  of  individ- 
uals dead  of  the  disease ;  but  all  that  has  been  learned 
from  carefid  study  of  the  secondary  manifestations  of 
diphtheria  f^nds  to  the  opinion  that  they  arc  in  no  way 
dependent  upon  the  immediat^^  presence  of  bacteria,  and 
tiiat  the  nccnaioniil  ajjjK'aranee  of  diphtheria  ba<nlli  in 
the  internal  organs  is  in  all  prolrability  accidental,  and 
usually  unimportant. 

By  special  methods  of  inoculation'  (the  injection  of 
fluid  cultures  into  the  testicles  of  guinea-pigs)  diph- 
theria bacilli  can  he  caused  to  appear  in  the  omentum ; 
but  this  is  purely  an  artificial  manifestation  of  the  dis- 
ease, and  one  that  is  probably  never  encountered  in  the 
natural  course  of  events.  More  rarely  similar  results 
follow  upon  sulwutaneous  inoculation. 

If  a  very  minute  portion  of  either  a  solid  or  fluid 
pure  culture  of  this  organism  be  introilueed  into  the 
subcutaneous  tissues  of  a  guinea-pig  or  kitten,  death  of 
the  animal  ensues  in  from  twenty-four  hours  to  five 
days.  The  usual  changes  are  an  extensive  local  oedema, 
with  more  or  less  hypereemla  and  ecchymoses  at  the 

'  FruBch :  "  Die  Verbreitung  dm  DiplilL«rie-liacillua  in  Knrjier  dM 
Monsohen."  Zeit  fur  Hygiene  und  iDfoktioiiskntiikhBiten,  ISn.!,  Bd. 
xiil.  pp.  40-52.  Booki-r:  AnhivcB  nf  Pedintrira,  A'ir.  1803.  Wright 
%od  Stokes :  liiwtnn  Med.  and  Siirg.  Jniini.,  Sfaroh  »nil  April,  IRBB. 

'  AbboltanddhrisVey:  "  AContribntion  tnlhe  PutboliiKy  of  Eiperi- 
raenUI  DipbtboiiB."  The  Juhua  Hojikina  HosplMl  Bulletin,  No.  30, 
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sito  of  inoculation  ;  swollen  and  reddened  lymphatic 
glands  ;  incn»aseil  serous  fluid  in  the  peritoneum,  pleura, 
and  jHTicanliuin ;  enlarged  and  hemorrhagic  adrenal 
IxKlies  ;  <H»«isionally  slightly  swollen  spleen  ;  and  some- 
times fatty  deginienition  in  the  liver,  kidney,  and  myo- 
oanliuin.  In  guinea-pigs,  esj>ecially,  the  liver  often 
shows  numerous  mac^roscopic  dots  and  lines  on  the  sur- 
face and  iHMietrating  the  substance  of  the  oi^n.  They 
vary  in  size  from  a  [>in-jK)int  to  a  pin-head,  and  may  be 
even  larger.  They  are  white  and  do  not  project  above 
the  surface  of  the  capsule. 

The  bacilli  art*  always  to  be  found  at  the  site  of  inoc- 
uhuion,  most  abundant  in  the  gmyish-white,  fibrino- 
purulcnt  exudate.  They  become  fewer  at  a  distance 
from  this,  so  that  the  more  remote  parts  of  the  (edema- 
tous tissues  do  not  contain  them.  Thcv  are  found  not 
only  free,  but  containiHl  in  large  number  in  leucocytes, 
some  of  which  have  fragmented  nuclei,  or  have  lost 
their  nuel(»i.  The  ba<'illi  within  leucocytes,  as  well  as 
SOUK*  outsid(\  fre<|U(Mitly  stain  v<Ty  faintly  and  irregu- 
larly, and  may  appc^ar  disintegnited  and  dead. 

( •ultun»-tulM\'^  iiioculate<l  from  the  blocwl,  spleen,  liver, 
kidnc^vs,  a^li^cnal  bodies,  distant  lymphatic  glands,  and 
serous  transudates,  gen(»rally  yield  negative  results  ;  and 
neg:itive  results  are  also  obtained  when  these  organs  are 
examin(Ml  microscopically  for  the  bacilli. 

Micros<'opic  examination  of  the  tissues  at  the  site  of 
in<x'ulation,  as  well  as  of  the  liver,  spleen,  kidneys, 
lymphatic  glands,  and  elsewhere,  reveals  the  ])resenee 
of  localized  foci  of  (»ell-d(»ath,  characterized  by  a  pecu- 
liar frajrmentation  of  the  nuclei  of  the  cells  of  these 
parts. 

This  destruction  of  nu(?lei  results  in  the  formation 
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of  groups  of  irrpgulurlj-  shaped,  dwply  Htaioing  bodies, 
having  at  times  tlie  appearance  of  particles  of  dust, 
while  again  they  may  he  miicJi  larger.  Some  of  tJiem 
are  tolerably  regular  in  outline,  while  others  are  irregu- 
larly cregeentie,  dninb-t«5ll,  t1ask-&lmi>e,  whptatonc- 
8hai>e,  or  bljiddcr-like  in  form.  Ooeasionally  nuelei 
having  the  ap|x?arant;e  of  being  pinched  or  drawn  out 
can  be  seen.  At  some  points  the  fragments  are  grouped 
in  isolated  masses,  indicating  the  location  of  the 
nucleus  from  the  destruction  of  which  they  originated. 
These  particles  always  stain  much  more  intensely  than 
do  the  normal  nuclei  of  the  part.'  Oertel  has  shown 
that  these  pecidiar  alterations  in  their  distribution  are 
characteristic  of  Imman  diphtheria,  and  the  demon- 
stration of  similar  changes  in  animals  inoculateil  with 
this  or^nism  is  important  additional  proof  that  diph- 
theria is  caused  by  it. 

By  the  inoculation  of  certain  animals  an  affec- 
tion may  be  produced  in  all  resjieiits  identical  with 
diphtheria  as  it  exists  in  man.  If  one  open  the 
trachea  of  a  kitten  and  rnb  upon  the  mupoiis  mem- 
brane a  small  portion  of  a  pure  culture  of  this  onan- 
ism, the  death  of  the  animal  usually  ensues  in  from  two 
to  four  days.  At  autopsy  the  wound  Mill  be  found 
covered  with  a  grayish,  adherent,  necrotic,  distinctly 
diphtheritic  layer.  Around  the  wound  the  subcuta- 
neous tissues  will  be  cedematous.  The  Ij-mphatic  glands 
at  the  angle  of  the  jaws  will  be  swollen  and  red<lened. 
The  mucous  membrane  of  the  trachea  at  the  point  upon 

'See  "The  HiHtcilogical  CbangcB  in  Expi-ri mental  DiphlboHn,"  iilM 
"The  Histological  Lesions  ppniuted  liy  the  Tuialbiimiu  of  r>i|ih- 
tbetiA,"  by  Welch  and  Flexner,  Johns  UopkiriB  Hospital  Bnlletin, 
Aafaat,  1B91,  and  March,  1S92. 
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which  the  bacilli  were  deposited  will  be  covered  with 
a  tolerably  firm,  grayish-white,  loosely  attached  pseudo- 
membrane  in  all  respects  identical  with  the  croupous 
membrane  observed  in  the  same  situation  in  cases  of 
human  diphtheria.  In  the  pseudo-membrane  and  ■□ 
the  (edematous  fluid  about  the  skin-wound  bacUtus 
d^hthericB  may  be  found  both  in  cover-slips  and  in 
cultures. 

From  what  we  have  seen — the  localization  of  the 
bacilli  at  the  point  of  inoculation,  their  absence  from 
the  intenial  organs,  and  the  changes  brought  about  iu 
the  cellular  elements  of  the  internal  organs — there  is 
but  one  interjiretation  for  this  process,  viz.,  that  it  is 
due  to  the  production  of  a  soluble  ]H)ison  by  the  bac- 
teria growing  at  the  site  of  inoculation,  which,  gaining 
access  to  the  circulation,  pnxhices  the  changes  tliat  we 
observe  in  the  tissues  of  the  internal  viscera. 

This  poison  has  been  isolated  from  cultures  of  ba- 
ciUus  diphthcriw,  and  is  found  to  belong,  not  to  the 
crystal  lizable  ptoniauies,  but  to  the  toxi<;  albumins — 
bodies  which,  in  their  chemical  (wniposition,  are  analo- 
gous to  the  jwison  of  certain  venomous  serpents.  By 
the  introduction  of  this  taralhtntthi,  as  it  is  callecl,  into* 
the  tissues  of  guinea-pigs  and  rabbits*  the  same  patlio- 
lo^cal  alterations  may  be  produced  that  we  have  seen 
to  follow  inoculation  with  the  Imcllli  tliemse Ives,  except, 
pcrlia])s,  tlie  pniduetion  of  false  membranes. 

Under  cortjiin  circumstances  with  which  we  arc 
not  acqnainted  bdrillatt  diphiherUe  l>econieH  dintinishcd 
in  virulence  or  may  lose  it  entlri'ly,  so  that  it  is  no 
longer  ea[>able  of  producing  death  of  suscq>tible  ani- 
mals, and  may  cause  only  a  tninsieiit  IiK-al  reaction 
from  which  the  animal  entirely  recovers.     -Sometimes 
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tliia  reactiiin  \a  so  slight  as  to  be  overlooked,  and 
again  careful  search  may  fail  to  reveal  evidence  of 
any  rejtction  at  all.  This  exhibition  of  the  extremes  of 
ita  pathogenic  properties,  viz.,  death  of  the  animal,  on 
the  one  hand,  and  only  very  slight  local  oflTects  on  the 
other,  was  at  one  time  thought  to  indicate  the  existence 
of  two  separate  and  distinct  organisms  that  were  alike 
in  cultural  and  morphological  peculiarities,  but  which 
differed  in  their  disea.«!-producing  power.  Further 
studios  on  this  point  have,  however,  shown  that  the 
genuine  bucillim  diphtlteruc  may  possess  almost  all 
grades  of  virulence,  and  that  absence  of  or  dimi- 
nution in  virulence  can  hardly  serve  to  distinguish 
ae  separate  species  those  varieties  that  are  otherwise 
alike ;  moreover,  the  hiHtologioal  conditions  found  at  the 
site  of  inoculation  in  animals  that  bnve  not  succunihcd, 
but  in  which  only  the  local  reaction  has  appeared,  are 
in  most  cases  characterized  by  the  same  changes  that 
are  seen  at  autopsy  in  animals  in  which  inoculation  has 
proved  fatal. 

In  the  course  of  tbeir  observations  upon  a  large 
number  of  cases  Roux  and  Yersin  found  that  it  waa 
not  difficult  to  detect,  in  the  diphtheritic  deposits  of 
the  same  individual,  bacilli  of  identical  cultural  and 
morphological  peculiarities,  but  of  very  different  degrees 
of  virulence,  and  that  with  the  progress  of  the  disease 
toward  recovery  the  less  virulent  varieties  often  Ixjcame 
quite  frequent,' 

There  is,  moreover,  a  mild  form  of  diijhtluTia.  ctio- 


'II  must  uot  be  iisnumcd  rrom  tliiF  tlint  thn  biicilli  toiu^  tbeir  vim- 
Irico  eatirely,  or  that  they  all  beconu-  Blluuuiited  with  the  eslalilish- 
ment  of  coDvaleacenrc,  fur  this  is  contnirj  to  wlutt  experionce  biu 
^own  to  be  the  cms. 
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logically  speaking,  affecting  only  the  mucous  membrane 
of  the  nares,  known  as  membranous  rhinitis,  from 
which  it  is  very  common  to  obtain  cultiwes  in  all  re- 
spects identical  with  tliose  from  typical  diphtheria,  save 
for  their  inability  to  kill  susceptible  animals.  On  inocu- 
lation these  cultures  produce  only  local  reactions,  but 
these  are  characterized  histologically  by  the  same  kind 
of  tissue-clianges  that  follow  inoculation  with  the  fully 
virulent  organism. 

Clinically,  membranous  rhinitis  is  never  such  an 
alarming  disease  as  is  laryngeal  or  pharyngeal  diph- 
theria, and,  as  stated,  the  organisms  causing  it  are  often 
of  a  low  degree  of  virulence,  though  they  are,  never- 
theless, genuine  diplitheria  bacilli. 

For  tluxsci  organisms  that  are  in  all  respects  identical 
with  the  viruK'nt  h<wllluH  (Ilphtherkv,  save  for  their  ina- 
bility to  kill  guinea-pigs,  the  designati(m  "pseudo-diph- 
theritic bacillus"  is  usually  eni]>l<)yed  ;  but  from  such 
observations  as  tliosc^  just  cited  we  are  inclined  to  the 
opinion  that  y>.sr//f/rMliphtheritie,  as  applied  to  an  orgjui- 
ism  in  all  resjH'cts  identical  with  the  genuine  bacillus, 
except  that  it  is  not  fdtdJ  to  susceptible  animals,  is  a 
misnomer,  and  that  it  would  hv  more  nearly  corretrt  to 
designat<»  this  orgtmism  as  the  attenuated  or  non-viru- 
lent diphtheritic  bacillus,  reserving  the  term  "  pseudo- 
diphthcTitic  '^  for  that  organism  or  group  of  organisms 
(for  there  are  ])rol)ably  several)  that  is  enough  like  the 
diphtheria  bacillus  to  attra^'t  attention,  but  is  distin- 
guishable from  it  by  certain  morj)hological  an<l  cultural 
peculiarities  aside  from  the  (juestion  of  virulence. 

It  is  a  well-known  fact  that  many  pathogenic  orgsm- 
isms — conspicuous  among  tli(»se  being  nncrtH'orofts  hin- 
ccolatu,^,   HtapJnjlodocvua  pyoyencH   aurvuH^    drepiococcaa 
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p'l/of/enett,  and  the  gmup  of  so-called  "  hemorrhagic 
septictemia"  otganisras — undergo  marked  variatiuns  in 
their  pathogenic  properties ;  and  yet  these  organisms, 
when  found  either  devoid  of  this  peculiarity,  or  possess- 
ing it  in  a  diniinisheti  degree,  are  not  designated  as 
"pseudo"  forms,  but  simply  as  the  or^inisms  them- 
selves, the  vinilence  of  wliich,  from  various  eauses,  lias 
been  taodi&ed. 

It  mnst  nevertheless  be  admitted  thnt  in  the  course 
of  microscopic  axaminution  of  materials  from  various 
sources,  iueliiding  the  pharynx,  one  occasionally  en- 
counters raicro-organisms  whose  morphology  is  so  like 
that  of  the  genuine  ixwilhte  dipldJierta:  as  to  create 
suspicion,  and  yet  tliey  arc  at  the  same  time  sufficiently 
unlike  it  to  make  one  cautious  in  forming  an  opinion 
as  to  their  real  nature.  In  the  routine  examination 
of  such  large  numbers  of  cases  as  are  submitted  for 
diagnosis  to  naunicipal  laboratories  it  is  not  praiiti- 
eable  to  subject  all  specimens  to  the  crucial  animal- 
test,  and  for  this  reason  there  can  be  no  doubt  that  tbe 
results  of  microscopic  examination  alone  were  formerly 
occasionally  tncon-ect.  Througii  the  suj^eation  of 
Neisscr*  we  are  fortunately  enat)letl  to  overcome  this 
difficidty  in  very  large  part.  He  has  found  that  by 
the  use  of  a  particular  staining  method  the  appear- 
ance of  bacillug  diphtherial  is  strikingly  unlike  tliat  of 
the  confusing  forms.  His  differential  method  compre- 
hends the  following  manipulations :  the  culture  to  be 
tested  should  be  grown  upon  Liiffler's  blood-serum 
mixture  solidiiied  at  100°  C ;  it  should  develop  at  a 
tennjerature  not  lower  than  34°  C.  and  not  higher 
ind   lafektiouBkraiLkheitan, 
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than  36°  C. ;  and  it  should  be  not  vomiger  than  nine 
and  not  older  than  twenty-four  hours.  A  cover^lass 
preparation  made  from  such  a  culture  is  stained  as 
follows : 

a.  It  is  subjected  to  the  following  mixture  for  firom 
one  to  three  seconds: 

.Methylene-blue  (Grublers) 1  gnmiDe. 

Alcohol  (96  per  cent.; 20  cc 

When  dissolved,  mix  with 

Acetic  acid 50  cc 

Distilled  water 950  cc 

6.  After  thoroughly  rinsing  in  water,  it  is  stained  for 
from  three  to  five  seconds  in  vesuvin  (Bisraarek-brown), 

Fig.  G8. 


Botillus  diphtheriir,  stained  by  Neisser's  method. 


2  gnunmcs,  (liss<)lv('<l  in  1  litre  of  boilin<r  tlistillod  water, 
filtercMl,  an<l  allowcMl  to  vahA.    It  is  again  rinsed  in  water 
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and  examined  as  a  water-moiint,  or  it  may  be  dried  and 
mouuk^  in  balsam. 

When  60  treated  the  diphtheria  bacillus  appears  as 
faintly  stained  brown  rods,  iu  wliich  from  one  to  three 
dark-blue  granules  are  always  to  be  ob,servcd.  The 
dark  granules  are  at  one  or  both  jxiles  of  the  cell,  are 
more  or  less  oval,  and  usually  seem  to  bulge  a  little 
beyond  the  contour  of  the  bacillus  in  whicli  they  are 
located.  (See  Fig.  68.)  From  Neisscr's  obscrv-ations 
and  those  of  others,'  as  well  as  from  personal  experience, 
it  seems  safe  in  the  vast  majority  of  cases  to  regard  all 
bacilli  that  do  not  stain  in  the  way  described  as  distinct 
from  bacUhia  diphtheiia:^ 

Note. — Prepare  eover-slip  prejNirations  from  the 
mouth-cavities  of  healthy  individuals  and  from  those 
having  decayed  teeth.  Do  the)'  c<im',<pou(I  in  any  way 
with  those  made  fmm  diphtheria?  Do  the  same  with 
different  forms  of  son^tlmjat.  Do  the  [K'k  nliarities  of 
any  of  the  oi^nisms  suggest  those  of  the  bacillus  of 
diphtheria?     Wherein  is  the  diftt'reuce? 

In  cultures  and  cover-slips  made  from  both  diph- 
theritic and  from  innocent  sorc-tliroats  are  any  organ- 
isms almost  constantly  present?  'Which  are  they,  and 
what  arc  their  chuRicteristies? 

Which  are  the  predom  in  siting  organisms  in  the  an- 
ginas of  scarlet  fever? 

Do  these  organisms  simulati-,  iu  their  cultural  and 
morphologicid  peculiarities,  :uiy  of  the  different  species 
with  which  you  have  been  ivorking? 

'  Frankel :  Borlini'r  Itliii.  W<K:hiTS<:brift,  1B97,  Xo.  50. 

'  Bergcy :   l^ubliratious  of  the  Uiiivcrsity  of  PennBjIvania,   New 
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Do  the  diphtheria  bacilli  disappear  from  the  throat 
with  the  disappearance  of  the  membrane  ?  How  long 
do  they  persist?  When  obtained  from  the  throats  of 
convalescents  are  they  still  pathogenic  for  guinea-pigs? 

Prepare  a  bouillon  culture  of  virulent  bacillus  diph- 
theriae ;  after  it  has  been  growing  for  thirty-six  hours 
at  37°-30°C.  inoculate  a  guinea-pig  subcutaneously 
with  about  0.1  c.c.  of  it.  If  the  animal  dies,  note  care- 
fully the  findings  at  autopsy,  especially  the  distribution 
of  the  bacilli.  Now  add  to  this  culture  sufficient  pure 
carbolic  acid  or  trikresol  to  kill  all  bacteria  in  it,  and 
inject  under  the  skin  of  another  guinea-pig  varying 
amounts  of  the  culture  so  treated,  beginning  with  0.05 
c.c. ;  determine  the  minimum  fatal  dose,  and  note  in 
which  respects  the  post-mortem  findings  simulate  and 
in  which  they  ditfer  from  those  of  the  first  animal. 
Should  any  of  the  animals  survive  the  injections  of  the 
disinfected  culture,  note  carefully  their  eoiulition  from 
day  to  day,  particularly  any  fluctuations  in  weight. 
When  they  have  quite  recovered  inoculate  them  with 
living,  virulent  diphtheria  bacilli.  Do  the  results  cor- 
respond with  those  obtained  with  guinea-pigs  that  have 
never  been  treated  at  all?     Explain  the  results. 
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Typlioid  fever—Slmly  of  the  organlam  concerned  m  ite  proiliictioii— 
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typhoid  bacillus. 

BACILLUS  TYPHOSUS. 

The  or^nism  which  was  (liscovored  in  the  tisstioM  of 

tyjihoid  (!a<lavers  mifroscopicully  by  Eberth,  iuid  suIh 

seqiieutly  isolated   in   jmiv  culture  and   described   by 

Gaffky,  ia  now  generally  realized  as  the  etiological 
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Bacmm  fypkonu.  ttom  culture 
twcniy-rour  hours  old,  on  ugar- 

SoMUuli/TiAiwua.BhowiDgOagell 
sUlncd  b7  LOfflei'i  method. 

factor  in  the  production  of  tj-phoid  fever.     It  rujiy  lie 
described  a-s  follows : 

It  is  a  bacilliiB  about  three  times  as  long  as  broad, 
with  rounded  ends.  It  may  appear  at  one  time  as  very 
short  ovals,  al  another  time  as  long  threads,  and  both 
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tricts.  (Fig.  71.)  These  colonies  have  sonictinies  the 
ap[«mrance  of  flatti>Ded  pellicles  of  glass-wool,  and 
nsnally  a  pearl-like  lustre. 

On  Agar-agar  the  colonies  present  nothing  typical. 

Stab-ci'ltures.  —  In  stab-cultures  the  growth  is 
mostly  on  the  suriiice,  there  being  only  a  very  limited 
development  down  the  truck  mode  by  the  needle.  The 
surface-growth  has  the  same  appearance  in  general  as 
that  given  for  the  colonies. 

Potato. — The  growth  on  potato  is  usually  described 
as  luxuriant  but  invisible,  making  its  presence  evident 
only  by  the  production  of  a  slight  increase  of  moisture 
at  the  inoculated  point,  and  by  a  limited  resistance 
oSiired  to  a  Decdle  when  it  ia  scraped  across  the  track 
of  growth.  While  this  is  so  in  many  cases,  yet  it  cannot 
be  conBi<lere<I  as  invariable,  for  at  times  this  oi^nism 
develops  more  or  less  visibly  on  potato, 

P(»TAT(wiEUTiN. — The  growth  is  similar  to  that 
upon  ordinary  nutrient  gelatin. 

MiIjR. — It  does  not  cause  coagidittidii  when  gn>wn 
in  s^rilizeil  milk. 

Botrii,!.*  IN. — It  causes  uniform  clouding  of  the  bouil- 
lon and  brinjpi  a!M)ut  a  slightly  acid  i-eaction. 

Indol  Formation. — It  is  customary  to  regard  this 
oi^ranism  as  devoid  of  the  power  of  forming  indol ; 
in  fact,  this  has  bitlicrto  been  considered  one  of  its 
important  difl'erential  peeuliaritics.  By  the  usual  meth- 
oils  of  cultivation  and  testing  the  indol  resiction  is  not 
observed  in  cultures  of  the  typhoid  bacillus.  It  has 
recently  been  shown,  however,  by  Peckham,  that  by 
repeated  transplantation,  at  short  intervals,  into  either 
Dunham's  peptone  solution,  or,  preferably,  a  freslily 
prepared  alkali-trj'ptonc  solution,  made  from  trypton- 
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ized  beef-muscle,  that  the  indol-producing  function 
may  be  induced  in  the  genuine  typhoid  bacillus  obtained 
directly  from  the  spleens  of  typhoid  cadavers.* 

It  does  not  produce  gaseous  fermentation.  On  lactose- 
litmus-agar-agar  it  grows  as  pale-blue  colonies,  causing 
no  reddening  of  the  surrounding  medium ;  though  if 
glucose  be  substituted  for  lactose,  both  the  colonies  and 
the  surrounding  medium  may  become  red.  In  the  fer- 
mentation-tube, in  glucose  or  lactose  bouillon,  no  evo- 
lution of  gas  as  a  result  of  fermentation  occurs. 

It  does  not  form  spores.  The  irregularities  of  stain- 
ing so  commonly  seen  in  this  organism  have  in  some 
instances  led  to  the  belief  that  the  pale,  unstaineil  por- 
tions of  the  bacilli  indicate  the  presence  of  spores. 
More  reliable  tests,  however,  have  demonstrated  the 
error  of  this  opinion.  (What  is  the  most  trustworthy 
test  of  spore-formation  ?) 

It  grows  at  any  temperature  between  20°  and  38°  C, 
though  more  favorably  at  the  hittiT  point.  It  is 
very  sensitive  to  high  temperatures,  being  killed  by 
an  exposure  of  ten  minutes  to  60°  (\,  and  in  a  much 
shorter  time  to  slightly  higher  temperatures. 

It  does  not  liquefy  gelatin. 

It  grows  both  with  and  without  oxygen. 

It  does  not  grow  ra])idly. 

Owing  to  a  tendency  to  retraction  of  its  protoplasm 
from  the  eel]-env(?lope  and  the  consequent  production 
of  vacuoles  in  the  bacilli,  the  staining  of  this  org:mism 
is  frequently  more  or  less  irregular.  At  some  points  in 
a  single  cell  marked  differences  in  the  intensity  of  the 

>  A.  W.  IVckham:  "The  Influence  of  Environment  Upon  the 
RioloRical  Functi(»ns  of  tlie  CN»lon  Group  of  Bacilli,"  Journal  of  Experi- 
mental Medicine,  1S97,  vol.  ii. 
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Ktaiiiiitg  will  be  seen,  and  here  aiid  tburo  an.'as  ([uiti? 
frw!  from  color  can  commonly  be  detected.  These 
colorleee  portions  are  often  so  stiarply  dcfiueil  that  they 

Fio.  72. 

ItiBKninmmtlc  reprceenliiUon  of  relrnctlon  of  pmtnplnsm,  wllh  pMiluclloii 
uf  pnlo  polliu,  111  baeiHnt  Ifiyhiiui. 

look  as  if  they  had  been  ])nnehe(l  init  with  a  ehurji 
instrument.    (See  Fig.  72.) 

Pbesence  rN  Tissues. — It  is  not  easy  to  demonstrate 
this  oi^nism  in  tissues  unless  it  is  present  in  large  num- 
bers. The  manipulations  to  which  the  sections  arc  sub- 
jected in  being  mounted  often  rob  the  Imcilli  of  their 
stain,  and  render  them  invisible,  or  nearly  so.  If, 
however,  sections  be  stained  in  the  carbol-fuchsin  solu- 
tion, either  at  the  ortlinary  tempi'rature  of  the  room  or 
at  a  higher  temperature  (40°  to  45°  C),  then  washed 
in  absolute  alouliul,  and  cleared  in  xylol  and  mounted 
in  balsam,  the  bacilli  fparticularly  if  the  tissue  lie  the 
liver  and  spleen)  can  nsidily  Iw  detecteii,  niawwd  to- 
gether in  their  cliaracteristie  cinmps.  If  used  in  the 
same  way,  the  alkaline  methylene-bliio  solution  gives 
also  very  satiBfiurtorj-  results. 

Tn  Hwirching  for  the  typhoid  bacilli  in  tL-wues  this 
jKrculiav  deposition  in  chimps  must  always  be  iMirne  in 
niind,  otherwise  much  labor  will  Ik;  expcnde<l  in  vain. 
In  tissues  the  typhoid  bacilli  do  not  lie  w-attered  alwiit 
in  the  same  way  as  do  the  organisms  in  tissues  from 
certain  other  conditions — eepticiemia,  for  instance ;  they 
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are  not  of  necessity  distributed  along  the  course  of  the 
capillaries,  but  are  localized  in  small  clumps  through 
the  organs,  and  it  is  for  these  clumps,  which  are  easily 
detected  under  a  low-power  objective,  that  one  should 
search.  This  peculiar  clumping  of  the  typhoid  bacilli 
in  the  tissues  amnot  be  satisfactorily  explained.  It 
may  possibly  be  due  to  the  specific  clumping  or  agglu- 
tinating influence  that  typhoid  blood  has  been  shown  to 
have  upon  the  typhoid  bacillus,  a  phenomenon  that  is 
readily  demonstmble  in  the  test-tube  or  under  the 
microscope.  In  other  wortls,  may  it  not  be  simply  the 
result  of  an  intracapillary  "  Widal  reaction  "  ?  (See 
Widal  Reaction.) 

When  tlic  section  is  prepared  for  examination,  if  it 
be  gone  over  witli  a  low-power  olyeetive,  one  will 
notice  at  irrejrnlar  intervals  little  masses  that  l(X)k  in 
every  respect  like  particles  of  stainin^j^-niatter  which 
have  been  precipitated  upon  the  section  at  that  jx)int. 
When  these  masses  are  examined  with  a  hio^her  power 
objectiv(»  th(»y  will  be  found  to  consist  of  small  ovals  or 
short  rods  so  closely  packed  that  the  individuals  com- 
posing the  clump  can  often  be  s(»en  only  at  the  extreme 
periphery  of  the  mass.  This  is  the  eharacteristic  ap- 
peanmee  of  the  typhoid  orpmism  in  tissues.  The  little 
masses  are  usually  in  the  neijii^hborhood  of  a  capillary. 

Rrkultof  Inoculation  into  Lowku  Animai^:;. — 
A  great  many  experiments  have  been  made  in  a  variety 
of  ways  with  the  view  of  reprodnein<r  the  pathological 
conditions  of  this  disease,  as  se(»n  in  man,  in  the  tis- 
sues of  lower  animals,  but  with  pnictieally  no  success. 
From  the  time  of  its  discovery  up  to  within  a  eompara- 
tivelv  r(»eent  date  th(Te  was  an  almost  continuous  con- 
troversy  (K)neerning  the  infective  properties  of  bacillus 
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typhomis  for  aiiimals.  By  Bome  it  was  held  that  the 
effects  of  iU  introduction  into  animals  were  manifestly 
of  toxic '  origin,  while  others  reganled  them  us  evidences 
of  genuine  infection.^  Those  diversities  of  opinion  are 
hanlly  surprising  when  we  renienil>er  that  animals 
never  suffer  naturally  fnim  a  diseaj^e  similar  to  typhoid 
fever,  and  therefore  offer  many  obstaoles  to  its  faithful 
reproduction,  and  tliat  tlie  vigor  of  this  or^nisni  when 
cultivated  from  various  sources  is  liable  to  a  wide  range 
of  fluctuation.  For  a  time  there  seemed  to  be  good 
grounds  for  the  opinion  that  under  exceptional  circum- 
stances hm'lllitK  typhoHiM  did  exhibit  truly  infective 
properties,  and  the  rcportc^l  experiments  of  CJygnjeiis' 
in  particular,  as  well  as  a  single  observation  by  the 
writer,*  in  no  wise  iveakeii<'<l  this  iiptuion.  By  a  variety 
of  metliixis  f"vgna?us  dcnionstnited  tliaf  this  org-.inism 
possesses!  the  pnnvrty  of  multiplying  within  the  in- 
ternal organs  of  animals  and  of  causing  constitutional 
symptoms  and  ]iathiilogTeal  h'sions  that  very  closely 
simulated  those  of  lyphoid  fever  as  seen  in  man.  In 
1890  the  writer  called  attention  to  the  lesions  found  in 
one  of  a  number  of  ntbl)its  that  had  sueoumbed  to 
intravenous  injection  of  large  amounts  of  fluid  cultures 
of  this  organism. 

In  this  ea.-K'  there  was  an  uleer  in  the  ileum  which 
was  macniseopiciilly  ainl  rniiroscopicsdly  identical  with 
those  found  at  autopsy  in  the  small  intestine  of  human 
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subjects  dead  of  tliis  disease.  The  trjilioid  l>arilli  were 
lint  ODiy  obtain«l  from  the  spleen  of  the  aninial  by 
rtilturc  method,  but  the  characteristic  clumpa  were  alsrt 
demonst  rated  mjcroecopically  in  seotions  of  the  ot^n. 

Jt  mui^t  be  said,  however,  that  such  results  are  ex- 
tremely rare.  As  a  rule,  the  only  effects  that  follow 
the  introduction  of  this  organism  into  animals  are  refer- 
able to  the  intoxicating  action  of  the  materials  used. 
Jn  fact,  the  results  of  moileru  investigations  have  placed 
hiiftlluii  ti/jihogvn  in  the  category-  of  toxin-producers, 
and  through  the  use  of  the  toxins  produced  by  it  ani- 
mals have  been  rendered  immune  from  olherwisic  fatal 
dtiwH.  The  serum  of  such  animals  has  al^t  l>een  shown 
t*i  iMHiseiiw  a  ecrtain  degree  of  iraniimiziiig  [mwer.' 

In   Miuneetion   with  the  inoculation  of  animals  with 
hnfUhiH   iyphonuu   ol)wrvations    of  a    most    important 
niitiire  liave  been  made  by  8anarelli '  npnn  the  arti- 
ficiiil   indiji-ti'iii  of  Ausct'ittibility  to  its  pathogenic 
tion.      Hi-   louiid  that    rabbit*',  guinea -pigs,  and 
couhl  be  nmlend  stii^-i-ptible  to  infection  by  this  a 
rwu  by  preliminary  inj<'<'tions  into  tliem  of  the  prodticts 
iif  growth   of  certain  aiiprophytcs — jirtjfciu   rvigarin, 
//tii-HhiM  jirffliffioittui,  an<l  hiieterium  roli  commune;  and 
llifit  by  wimtcver  means  the  animal  was  subawptently 
iniK-ulated  with  frcnh  cultures  of  the  typhoid  liacillus, 
I'itliiT  into  the  circulation  or  into  the  [leritoneal  cavi^^i 
dnitli  rc-ijltfd  in  fr-mi  twelve  to  forty-eight  houre,  wil" 
the  iHillMil'i^ii-ii]    nlterntions   most  eonspicuous   in 
(li;.'<'><f;vr'  Inx'l,  iitiil  ]iiir(I(-iiliirly  in  the  sninll  intestine.' 
In  llnw  iiiKin  ihe  infection  i*  general,  and  the  org-jnisni»] 
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may  be  recovered  from  the  blood  and  intenml  nipius. 
It  is  the  opinion  of  Sanarelli  that  the  toxic  couditious 
produced  by  the  preliminary  injections  of  the  producte 
of  growth  of  the  saprophytic  organisms  may  be  consid- 
ered analogous  to  a  similar  condition  that  may  occur 
in  miin  from  the  absorption  of  abnormal  products  of 
fermentation  from  the  iutcstinal  canal — an  auto-intoxi- 
cation that  so  reduces  the  resistance  of  the  individual 
as  to  render  him  susceptible  to  infection  by  the  baeilhis 
of  typhoid  fever,  should  it  gain  access  to  his  alimentary 
tract. 

More  recently  it  was  reported  by  Alessi '  that  rats, 
guinea-pigs,  and  rabbits,  when  compelled  to  breathe  tlie 
gageoim  products  of  decomposition  from  the  contenta  of 
a  cesspool,  or  from  other  decomposing  matters,  gradu- 
ally became  susceptible  to  Infection  by  the  typhoid 
bacillus;  but  unfortunately  for  the  value  of  this  ob- 
servation the  description  given  by  Alessi  of  the  two 
cultures  of  so-called  typhoid  bacilli  used  by  him  for 
inoculation  was  in  one  case  certainly  not  that  of  the 
tj-phoid  organism,  and  in  the  other  the  culture  used  had 
been  kept  under  artificial  conditions  so  long  as  hardly 
to  be  reliable  for  tests  of  this  character. 

The  importance  of  these  observations  in  their  bearing 
upon  the  etiology  of  typhoid  fever,  if  they  are  demon- 
strated by  subsequent  exj)eriinont  to  be  trustworthy,  is 
too  obvious  to  necessitate  omphasM,  and  it  is  greatly  to 
be  desired  that  they  may  not  be  permitted  to  pass  un- 
noticed, but  that  others  interested  may  find  occasion  to 
institute  experiments  in  the  same  direction,  with  the 
hope  that  some  light  may  lie  shed  upon  the  mooted 
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question  concerning  the  influence  of  gaseous  products 
of  decomposition  upon  the  health  of  individuals,  and 
particularly  upon  the  part  played  by  them  in  diminish- 
ing natural  resistance  to  infection.^ 

Because  of  the  variations  in  the  morphology  and  cult- 
ural peculiarities  of  this  organism,  and  because  of  the 
difficulty  experienced  in  efforts  to  reproduce  in  lower 
animals  the  conditions  found  in  the  human  subject, 
typhoid  fever  is  bacteriologically  one  of  the  most  imsat- 
isfactory  of  the  infectious  diseases. 

A  number  of  other  organisms  appear  botanically  to 
be  closely  related  to  the  typhoid  bacillus,  and  with  our 
present  methods  for  studying  them  they  so  closely  simu- 
late it  that  the  difficulty  of  identifying  this  organism 
is  sometimes  very  great.  In  addition  the  variability 
constantly  seen  in  pure  cultures  of  the  typhoid  bacillus 
itself  in  no  way  renders  the  task  more  .simple. 

For  example,  the  morphology  of  the  typhoid  ba- 
cillus is  conspicuously  inconstant ;  its  growth  on  potato, 
which  w^as  formerly  described  as  charaetoristic*,  may, 
with  the  same  stock,  at  one  time  be  the  typical  invis- 
ible development,  at  another  time  it  may  grow  in  a  way 
easily  to  be  seen  with  the  naked  eyii ;  and  the  change  of 
reaction  which  it  is  said  to  produce  in  bouillon  is  some- 
times much  more  intense  than  at  others.  The  indol- 
producing  function,  hitherto  regarded  as  absent  from 
this  organism,  is  now  known  to  be  oec^isic^nally  de- 
monstrable by  ordinary  methods,  and  freiiuentlv  by 
special  metlKHls  of  cultivation.     (Peckham,  /.  c.)     The 

'  See  paper  by  the  author :  "  The  EfTects  of  tho  (4asoous  Products  of 
Decomposition  upon  the  llealtli.  and  Kosistam-o  to  IntVction.  of  Certain 
Animals  that  an'  Forced  to  Kespin'  Them."  Tninsiuticms  of  the  Asso- 
ciati"»»  "«'  American  Physicians,  1895,  vol.  x.  pp.  1(3  11. 
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only  properties  possessed  by  it  tliat  may  be  auiU  to 
be  constant  are  \Xia  motility;  Its  inability  to  cause  gas- 
eous ierraentation  of  ghicose,  lactose,  or  saccliarom' ;  its 
incapacity  tor  coagulating  milk ;  and  its  growth  on 
gelatin  plates ;  but  there  are  other  bacilli  which  possess 
tliese  same  charaeteristicH  to  a  dt^ree  that  renders  their 
differentiation  ironi  the  typhoid  organism  often  n  matter 
tJiat  requires  the  careful  a{)plication  of  all  the  diffcrfnt 
tests. 

An  interesting  reaction  of  the  typliojd  baeillns  is 
seen  when  it  is  brouglit  in  contact  with  the  blood- 
serum  from  hnman  beings  sick  of  typhoid  fever,  or  from 
animals  that  have  survived  inoculation  with  cultures  of 
this  organism.  This  reaction  consists  of  a  peculiar 
alteration  in  the  relation  of  the  organisms  to  one 
another  in  the  fluid.  As  onlinarily  seen  in  a  hanging 
drop  of  bouillon,  the  typhoid  bacilli  appear  as  single, 
actively  motile  cells;  when  to  such  a  drop  a  drop  of 
dilute  semm  from  a  case  of  typhoid  fever  is  added  the 
motility  of  Uu;  organism  gradually  becomes  lessened, 
and  finally  ceases,  and  the  bacteria  congregate  in 
larger  and  smaller  clumps.  The  reaction  may  also  be 
produced  in  another  way,  viz.,  by  adding  to  about  4  or 
6  e.o.  of  a  twenty-four-hour-old  bouillon  culture  of 
typhoid  bacilli  in  a  narrow  test-tube  about  eight  drops 
tof  serum  from  a  cose  of  typhoid  fever,  after  which  the 
tube  is  placed  in  the  incubator.  After  a  few  hours  the 
irmally  clouded  culture  is  seen  to  have  luidergone  a 
inge;  instead  of  the  diffuse  cloud  oau6e<l  by  the 
wth,  the  fluid  is  found  clear  and  contains  within  it 
lOticalent  masses  of  the  Imcteria  that  have  agglutinated 
E>gether  as  a  result  of  the  speciflc  action  of  the  serum 
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For  the  hanging-drop  test  sutlicient  serum  may  be 
obtained  from  a  needle-prick  in  the  finger,  while  for 
the  test-tube  reaction  a  larger  amount  is  nec<led ;  this 
may  be  obtained  from  blood  drawn  from  a  superficial 
vein  by  means  of  a  hypodermic  syringe,  or  from  the 
cleanseil  skin  by  a  wet-cup,  or,  better  still,  from  a 
small  cantharidos  blister. 

It  is  proper  to  state,  however,  that  occasionally  cult- 
ures of  genuine  typhoid  bacilli  are  encountcrtnl  that  do 
not  respond  to  this  peculiar  influence  of  typhoid  blood, 
even  though  the  blood  be  tested  at  different  stages  of 
the  disease,  and  even  though  it  causes  the  characteristic 
cessation  of  motion  and  clumping  with  other  cultures  of 
this  organism  upon  which  it  may  be  tried. 

When  employed  conversely — /.  c,  for  deciding  if 
the  serum  used  is  from  a  <*ase  of  typhoid  fever  or  not — 
the  reaction  constitutcvs  **  AVidal's  serum  diagnosis  of 
typhoid  fever/'  For  this  purpose  it  is  often  necessary 
to  test  several  cultures  of  genuine  typhoid  bacilli,  from 
diilerent  sources  and  of  varying  degrees  of  vitality,  be- 
fore a  culture  is  procured  that  gives  th(»  reaction  most 
conspicuously  and  (juiekly  with  genuine  typhoid  serum. 
This  culture  is  then  to  \w  set  aside,  to  be  used  for  this 
test  with  serums  from  doubtful  cas(»s  of  the  dis(»ase. 

WiDAj/s  Rkaction  WITH  DuiKi)  P)L()()i). — For  clin- 
ical ])urposes  it  is  of  im|)ortanee  to  know  tliat  this  reac- 
tion can  he  (►htaiuiMl  from  dried  blood — /.  f.,  bv  the 
meth(Ml  suggeste<l  by  Wyatt  Johnston,  of  Montreal. 
In  this  nietliod  a  drop  of  the  bliMxl  to  be  tested,  ol)- 
taimnl  by  a  needle-prick  in  ihv  eleans(»d  finger  or  lobe 
of  the  car,  is  eolleettnl  on  a  bit  of  clean,  unglazed 
paper  and  allow<'d  to  dry.  Tlie  paper  is  then  fohled, 
kept  free  from  contamination,  and  taken  to  the  labora- 
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ttjry.  With  a  medium-size  platiniim-wiri'  ItKip  a.  drop 
of  sterile  iwiiilion,  water,  or  pliysi»logi(;ul  sait^sohition 
IB  gently  rubbed  upon  tlie  drop  of  drieti  lilood  until  the 
contents  of  the  loop  are  of  a  dark  amlwr  color ;  this  is 
tiien  mixed  with  a  drop  of  a  bouillon  culture  of  typhoid 
bacilli  ou  a  eover-glass,  which  is  mounted  upon  the 
hitllow^round  slide  as  a  haiigiug  drop,  when  the  effect 
of  the  diluted  blood  upon  the  culture  can  be  observed 
with  the  microscope.  The  reaction,  if  positive,  should 
occur  within  a  half  hour.  Many  object  to  this  method 
becauMC  it  is  imjHissible  accurately  to  dilute  the  bhwHl 
by  the  plan  used.  A  number  of  tests  have  shown  us 
that  pn-parations  made  in  this  way  correspond  roughly 
with  a  fresh-bloiKl  dilution  of  from  1  :  16  to  1  :  20,  as 
dctermiue<l  by  the  litemi^lobinometcr.  lu  a  small 
number  of  cases  in  which  iiantllel  tests  were  made 
with  this  and  with  fresh  fluid  serum  the  results  were 
concordant.  We  are  inclined  to  the  opinion,  however, 
that  in  doulitful  cases,  in  which  all  tlie  available  clin- 
ical evidence  is  opposed  to  either  the  positive  or  nega- 
tive results  of  the  test,  the  difRculty  is  much  more 
certainly  cleared  away  by  the  use  of  highly  diluted 
and  exactly  diluted  fresh  scrum  than  by  this  method. 
Competent  observers  are  of  the  opinion  that  in  all 
wich  cases  the  quantity  of  serum  in  the  hanging  drop 
Bhotild  be  deerea8e<l  nntil  it  is  present  in  tlie  proportion 
of  from  (not  less  than)  1  :  50  to  1  :  60,  and  that,  if  after 
exposure  ta  this  dilution  for  two  hours  the  bacilli  are 
still  motile  and  not  clumped  together,  or  the  reaction  is 
deficient  in  only  t>ne  or  the  other  of  these  peculiaritieK, 
the  ea.se  from  which  the  senini  was  obtjiined  may  be 
flafely  regnrdctl  as  not  typhoid  fever. 

Experience  with  the  dry-blood  method  at  the  Mu- 
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nicipal  Laboratory  of  Philadelphia  in  more  than 
12,000  examinations  from  about  10,000  febrile  con- 
ditions, leads  us  to  regard  the  culture  used  as  one  of 
the  most  important  factors  in  the  test.  After  deciding 
upon  the  most  suitable  culture  for  the  reaction — ^and  it 
is  often  necessarj^  to  try  a  great  number  from  various 
sources — we  have  adopted  the  plan  of  daily  trans- 
planting the  culture  into  fresh  bouillon  and  keep- 
ing it  at  a  temj)erature  rarely  above  20°-22°  C.  The 
bacilli  grown  under  these  circumstances  are  usually 
somewhat  longer  tlian  when  cultivated  at  higher  tem- 
perature, and  they  exhibit  a  regular,  gliding  motility 
that  renders  it  more  easv  to  follow  the  individual  cells 
under  the  microscope  than  when  they  j)ossess  the  usual 
active,  darting  motion. 

In  the  group  of  cases  examined  by  us  by  the  dr)'- 
blooil  metlKKl,  in(;lu(ling  typhoid  and  other  febrile  con- 
ditions, there  is  a  discrepancy  between  the  clinical  and 
the  laboratory  diagnosis  in  from  2  to  3  per  cent,  of  the 
cases  examined. 

In  the  hands  of  all  who  have  carefully  emj)loyed 
the  Widal  reaction  for  the  diagnosis  of  tyj)hoid  fever 
the  n^sults  are  reported  to  have  been  almost  uniformly 
sjitisfactorv.  In  the  great  majority  of  cases  the  reac- 
tion is,  so  far  as  experience  indieat<s,  specific — /.  r.,  a 
typiral  reaction  (1<k*s  not  occur  between  typhoid  serum 
and  orgjuiisms  other  than  the  typlicMd  baeillns,  nor  be- 
t\ve<'n  tlie  typhoid  baeilhis  and  serums  other  than  those 
of  typhoid  fever.  There  are,  however,  e(Uifusing  reac- 
tions— so-ealle(l  pseudo-reactions  -in  wliich  more  or 
K'ss  chnn|)inii  <»i  the  bacilli  an<I  a  diininnti(»n  of  motion, 
without  conijjjete  ce-sation,  are  observ<'<l.  These  reac- 
tions have  been  setn  to  occur  with   normal  l)lood  and 
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with  blood  from  other  fclirile  conditions.  It  is  said  by 
Jobiutoii  and  McTugjprt '  that  they  can  be  prevented 
if  cultured  of  jiis/  the  proper  degree  of  vitalUy  are  em- 
ployed ;  and  tliis  corresponds  with  the  results  of  a  fairly 
wide  personal  cxiMirience  with  the  test. 

The  blood  of  curtain  animals,  as  well  as  a  number  of 
chemical  substauce!>,  such  a»  corrutiive  sublimate,  alco- 
hol, salicylic  acid,  rcsorcin,  and  safmnin  in  high  dilution, 
cause  a^lutiuation  of  the  ty|}hoi<l  bacilli ;  but  the  reac- 
tion is  not  specific,  for  in  most  casca  they  have  the  same 
effect  on  other  motile  bacilli. 

The  method  is  yet  in  the  experimental  stage,  and 
there  are  wtill  nuniemus  fealures  not  entirely  clear. 
In  the  light  of  present  exj»ericnce,  however,  it  is  fair 
presumptive  evidence  that  the  serum  is  from  a  case 
of  typhoid  fever  when  iinmiiitiikable  agglutination  and 
cessation  of  motion  ar<'  ween  in  from  fifteen  to  twenty 
minutes  after  typhoid  bacilli  are  mixed  with  the  serum 
of  a  suspicious  febrile  condition. 

All  the  preceding  ]>oints  should  be  bonic  in  mind  in 
the  examination  of  drinking-water  supposed  to  l»e  con- 
taminated by  typlmiii  dejections,  for  the  or^tnisms 
which  most  clos<'ly  approiich  tlie  typhoid  bacillus  in 
growth  and  morphology  arc  just  those  oi^nisms  which 
would  appear  in  water  contaniinated  from  cessjwols — 
I.  e.,  the  org-aui-nis  eunstantly  found  in  the  normal  intes- 
tinal tract.  Even  in  the  stoiils  of  tyjihoid- fever  jtatients 
the  presence  of  these  normal  inhabitants  of  the  intes- 
tinal tract  renders  the  isolation  of  the  typlioiil  organisms 
some  what  tniublesome. 

Mltiiodk  of  [s(h,atin'<;  tiik  Tyi'IIOIk  liArit.t.rs. 

— Barillut  liljihfiitiiii  is  so  variable  in  many  of  its  l>io- 

'  JohnstoD  and  McTaggart:  Muiitrcal  MuiUoil  Jmiriuil,  Murch.  Isil?. 
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^M  l<^cal  peciiliariti(.-E,  and  is  so  closely  simulated  in  eer- 

^f  tain  respects  by  a  group  of  other  org;niiisnis  \u  wltich  it 

appears  to  be  Iwtunically  related,  tliut  its  identification, 
especially  outside  the  infected  ImmIj,  is  usually  a  matter 
of  considerable  difticnlty  and  uiicertainU\  For  these 
rvasuuR  many  efforts  have  bi-en  niade  to  discover  specific 
reuctioDB  for  tbe  organism,  and  with  this  end  in  view 
many  methods  hiive  been  devnscd  for  its  isolation  frmn 
water,  fieces,  sewage,  and  other  matters  believed  to  con- 
tain it.  None  of  them,  however,  has  given  general 
BattsftLctioii,  and  many  have  proved  wholly  untrust- 
worthy. Those  worthy  of  some  degree  of  conJidence 
are  as  follows: 

/i/«7MT'«  method.  The  nxKlium  employed  is  an  acid 
mixture  of  gtlatin,  poUito-juicc,  and  potaseiiim  iodiilf. 
It  contains  neither  i>eptone  nor  sodium  chloride.  On 
(hi«  medium  it  is  claimed  that  the  ordinary,  rapidly 
growing,  liquefying  saprophytes  <lo  not  develop,  an<l 
that  the  colon  bacillus  and  tvphoid  bacillus  find  it 
favorable  for  growth.  These  are  differentiated  from 
one  another  by  the  macroscopic  and  microscopic  char^ 
a<'ter  of  their  colonics — i.  e.,  the  growth  of  the  colon 
colonies  differs  little  or  not  at  all  from  that  seen  on 
ordinary  nutrir-nt  gi'latin,  while  that  of  the  typhoid 
colonies  is  so  slow  that  they  an'  scarcely  visible  at  the 
end  of  twenty-four  hours.  After  forty-eight  hours  the 
latter  ap|M'iir  under  the  low  jxiwer  of  the  microscope  as 
small,  jHile,  finely  granular,  aimof^t  transparent  bodies 
easily  di.slinfroiHhed  from  the  coarser,  brownish  colonies 
..f  the  colon  bacillus. 

While  the  method  is  useful,  it  has  its  limitations, 
and  is  not  always  n-liable.  At  times  colon  colonin 
develop  in  a  manner  tliat  may  readily  cause  one  to 
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mistake  them  for  typhoid  polonics ;  while  tj'phoid  eol- 
ouies  may  prespnt  the  charactcristips  of  those  due  to  the 
growth  of  the  colon  bacillus.  This  is  eepecially  the 
case  in  plat«8  more  than  forty -ciglit  hours  old  that  have 
been  kept  at  ortlinary  room-tcinporatnre. 

In  our  experience  the  most  siTvicGable  feature  of  this 
method  is  the  elimination  of  mauy  of  the  common  sap- 
rophytics usually  present  in  mixtures  containing  typhoid 
and  colon  bacilli.  The  majority  of  tliem  do  not  grow 
upon  gelatin  made  by  tliis  method,  which  will  now  be 
described. 

The  description  given  by  Eisner'  of  the  mmle  of 
preparation  of  the  medium  is  so  incomplete  and  unsat- 
isfaotory  in  most  of  the  important  details  that  prac- 
tically all  whn  uBo  the  nipthmi  havp  boen  obliged 
to  develop  their  own  technique  from  the  gi^neral  sug- 
gestions made  in  his  original  communication.  The 
"  Eisner  medium "  that  has  given  satisfaction  in  our 
hands  is  pR'pared  as  follows;  grate  one  kilogramme  of 
peeled  potatoes  and  allow  to  stand  over  night  in  a 
refrigerator.  Then  press  out  all  juice,  using  an  ordi- 
nary meat-press  for  the  pnr|K)se.  Filter  this  fresh 
jnice  colrf,  to  remove  ns  miieli  of  the  starch-gran- 
ules as  possible ;  if  this  is  not  done,  the  starch  when 
heated  swells  to  such  an  extent  as  to  render  filtration 
almost  inipraeticable.  Boil  the  filtrate  and  filter  again. 
Test  the  filtrate  for  acidity  hy  titrating  10  c.e.  with  a 
decinormal  solution  of  sodium  hydroxide,  the  indicator 
used  being  6  drops  of  the  ordinary  |  \kt  c^nfc.  solution 
of  phcnolphtalein  in  60  per  cent,  alcohol.  The  acidity 
of  the  juice  should  be  such  as  to  require  3  c.c,  of  a  deci- 
'  Elsni<r:  Zeibiclirift  tai  Hygiene  und  InfaktlouBtctankheileii,  1896. 
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normal  sodium  hydroxide  solution  to  neutralize  10  c.c.  of 
the  juice.  (Pott«r.)  If  the  acidity  is  founi!  to  be  greater 
thau  tbig,  which  is  usually  the  case,  dilute  with  water 
until  the  proper  degree  is  reached.  If  lews  than  this, 
the  juice  may  be  concentrated  by  evaporation.  It  is 
desirable  that  tliin  acidity  should  be  due  bi  the  atridB  nor- 
mally present  in  the  potato,  and  tliat  it  should  not  be  arti- 
ficially obtained  by  the  addition  of  other  acids.  Now 
add  10  per  cent,  of  gelatin  (no  peptone  and  no  sodium 
chloride),  dissolve  by  boiling,  and  again  test  the  acidity, 
using  10  c.c,  of  the  mixture  and  plienolphtaloin  as 
before.  Deduct  3  c.c.  (the  acidity  of  the  i«»tatn-juice, 
that  in  to  be  maintaino<l)  from  the  number  of  c.c.  of  the 
decinormal  sodium  hydroxide  solution  re<^uired  to  neu- 
tralize the  10  r.e.  of  the  gelatin  mixture,  and  fmm  the 
resulting  figure  calculate  the  amount  of  noniiiU  solution 
of  so<lium  hydroxide  needed  for  the  entire  volume,  and 
add  it.  Boil,  clarify  with  an  c^,  and  filter  llimugh 
paper  in  the  usual  manner.  To  the  filtrate  add  potas- 
sium ioilide  in  the  proportion  of  1  per  cent.  Decant 
into  tubes  and  sterilize. 

i^tKldarfu   mdkoiJ.     The   principle  upt»n  which  this 
method  is  Iwised  may  be  briefly  stated  as  follows  :  ii'  the 
typhoid  bneillus  be  cultivated  in  a  ncmi-noHil  nutrient 
medium  at  about  ^6°  C,  its  gntwth  is  not  rircumscnbcd  _ 
or  confined  tn  the  immediate  neighborhood  of  the  poii^ 
of  inoculation  ;  whereas  if  a  less  actively  motile  o 
lam — the   colon   bacillus,  for   example — be   cultivate 
nndcr  similar  circumstances  there  is  no  apparent  t 
dcncy  for  it  to  diffuse  itself  thnuigh  the  medium ;  its  d*-'  j 
velopment  is  confined  to  the  point  of  inoculation.    In  the  , 
former  case  the  medium  becomes  cloudcil  throughout;  ( 
in  the  latter  it  remains  clear,  except  at  the  immediate^,! 
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sharply  defined  seat  of  growth.  If  a  mixture  of  the 
two  organisms  be  taken  upon  the  point  of  a  ticedlt'  and 
deposited  at  a  siuglo  spot  upon  a  plate  ninde  from  a 
scrai-soIid  nutrient  me<Iium,  or  he  planted  as  a  stah- 
culture  in  a  test-tulie  of  the  same  medium,  the  growth 
of  tho  colon  baoilhiB  remains  about  the  part  touched,  or 
along  the  truck  of  the  needle,  while  that  of  the  typhoid 
bacillus  gprea<lit  as  a  delicate  cloud  for  some  di^^tanoc 
beyond.  The  medium  recommended  by  Stoddurt  for 
the  test  is  a  mixture  of  equal  parts  of  ordinary  meitt- 
infusiou — peptonc-agar-agur  (1  per  cent,  agar-agar)  and 
meat-iufusion-|>e[)tom'-g('hitin  (](l  ptT  cent,  gelatin), 
In  tliia  niistiiro  the  proiwirtion  of  agar-agar  present  is, 
obviously,  0.5  per  cent.,  and  that  nf  the  gelatin  5  per 
cent.  These  amoimts  are  sufficient  to  keep  it  just  about 
solid  when  exposed  to  35°  C. 

A  limited  experience  with  the  method  leads  us  to 
regard  it  as  a  useful  addition  to  onr  means  for  the  Iso- 
lation and  identilioation  of  the  typhoid  and  typhoid-like 
bacilli.     It  is  not  infallible  In  its  indications. 

It  is  employed  in  two  ways — for  plat<w  and  for  tube 
cultures,  though  the  former  is  perhaps  the  mori'  useful. 
Here  the  Jiijiieficd  eultiire  mixture  is  poured  into  a  ster- 
ile Petri  dish  and  allowed  to  gelatinize;  after  which  it 
is  inoculated  at  a  single  point,  or  at  several  points,  with 
the  pure  culture,  or  with  the  mixture  of  ot^nisms  to 
be  tested,  and  placed  at  36°  C  The  characteristics  of 
the  growths  of  the  typhoid  and  of  the  colon  bacilhis 
are  given  above.' 

IJina't  niel/iod.  A  short  time  subsequent  to  Stoddart's 
pubtieation  Hiss  called  attention  to  a  similar  application 
u  l^toddkrt :  Jo<iniJil  oT  Pathology  sud  Bac- 
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of  a  technical  proccdurp,  wliich  in  principle,  with  some 
imjmrtant  additiuDM,  is  alnioBt  identical  with  that  of 
Stoddart.  In  this  method  also  advantage  is  taken  of 
llie  fact  that  iu  eenii-solid  nutrient  media  the  greater 
motility  of  the  typhoid  bacillus  enables  it  to  difliise  more 
readily  through  tlie  medium  than  can  the  less  active 
colon  bacillus.  The  endeavor  of  Hite  was  to  discover 
a  method  whereby  tliis  peculiarity  would  be  favored, 
or  at  least  not  checked,  in  the  typhoid,  and  more  or 
less  suppressed  in  the  colon  Iraeillus.  A  scries  of  ex]K'ri- 
mcnts  demonstrated  that  if  peptone  he  omitted  and  glu- 
cose be  added  to  the  semi-solid  mctlium,  the  absence  of 
the  former  important  nutritive  substance  and  the  excess 
of  acidity  resulting  from  tlie  fermentation  of  the  latter 
had  only  slight  effect  upon  the  churacteriBtic  develop- 
ment of  the  typhoid  bacillus  (a  diffuse  clouding  of  the 
medium),  while  the  influence  ujion  the  growth  of  the 
colon  bacilli  was  to  prevent,  in  many  cases,  their  ten- 
dency to  cloud  the  medium  by  sharply  restricting  their 
growth  to  the  point  at  which  they  were  de|X)sited.' 
The  composition  of  the  medium  used  is : 
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The  gelatin  .should  be  added  after  the  agar-agar  and 
other  ingredients  are  diss()lved  ;  the  volume  of  the  mass 
is  then  brought  to  1000  c.c,  and  finally  the  n-action  is 
corrected.  This  should  be  eqnivah'nt  to  a  degree  of 
acidity  that  would  require  l.'>  c.c.  of  a  normal  sodium 
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hydroxide  solution  to  the  litre  to  bring  it  to  the  plieaol- 
phtalein  oeiitntl  |)omt. 

When  planted  as  stab-cultureB  in  this  medium  and 
kept  at  body-te  rape  rat  urt'  the  growth  of  bacilliut  lypho- 
«Mt  apptars  Biinply  as  u  liiffnsc  eloud,  with  little  or  no 
tt'iidenfy  to  appear  more  concentrated  along  the  track  of 
the  needle;  while  the  development  of  the  colon  bacilluB 
is  confined  to  the  neighlwrhood  of  the  uee<lle-track,  is 
moderately  dense,  is  accomjianied  by  the  formation  of 
gas-bubbles,  and  the  surrounding  gelatin  is  more  or 
less  clear. 

These  distinctions  were  found  bv  Hiss  to  l>e  much 
more  marked  with  the  slowly  or  feebly  motile  speci- 
mens of  tlie  colon  bacillus  than  when  the  actively  motile 
varieties  were  used.  Many  of  these  latter,  except  for 
their  power  to  ferment  glucose  with  liberation  of  gas, 
were  almost  indistinguishable  from  the  typhoid  bacillus 
in  so  far  aa  their  jKmcr  to  wander  through  and  cloud 
the  medium  was  ooncemod.  For  the  isolation  and  dif- 
ferentiation of  colonies  of  the  two  organisms  by  the 
plate  method  the  following  medium  was  employed: 

Agar-agar  in  granuuis. 

Ctelutin S5        " 

Liebig's  hecf-^itracl        5        " 

Sodium  chloride 5         " 

Qlucoae     ,    .  .......  ,    .       .10        " 

Water   ,   . 1000  c.c. 

The  reaction  of  this  medium  is  equivalent  to  2  percent. 
of  normal  acid  to  the  litre — i.  e.,  an  acidity  that  would 
retpiire  20  c.c.  of  normal  sodium  hj'droxide  solution  to 
the  litre  to  bring  it  to  the  phenol phtale in  neutral  point. 
In  plates  made  from  tliis  medium  the  deep  colonies  of 
bacillus  typhomix  are  small,  more  or  less  spherical,  and 
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Iiavo  &  rough,  irrcjijiilar  outline.  Their  most  character- 
istic feature  "  consists  of  well-dclinod,  lilamentoits  out- 
growths, ranging  from  a  siugle  thread  to  a  complete 
fringe  around  the  colony.  The  young  colonies  are  at 
times  composed  solely  of  threails."  The  frin^ng 
threads  grow  almost  straight  out  from  the  colonies. 
The  sur&ce  colonies  are  small  ami  have  usually  a 
dense  centre  that  ia  stirntundi-d  by  an  almost  trans- 
parent zone  or  by  a  fringe  of  threads  somewhat  similar 
to  those  seen  about  the  deeper  eolonii-s. 

The  deep  colonies  of  the  colon  bacillus  are,  as  a  rule, 
larger,  denser,  of  aji  oval  or  lens-shape,  and  are  more 
sharply  circumscribed  than  those  of  bw^iUim  fyphomut. 
Oa  the  surfaa-  they  are  also  liti^r,  and,  as  a  rule, 
spread  out  as  a  moderately  thick  layer  fnnn  a  denser 
centre.  The  younger  the  colonies  of  the  typhoiil  bacil- 
lus the  more  characteristic  their  appearance.  They  are 
seen  at  their  best  after  from  16  to  18  hours'  growth  at 
37.5°  C 

Mdkod  of  Gtptildi  find  Proftatter.*  As  a  result  of 
an  elaborate  series  of  expi-riments,  tiiese  authors  recom- 
mend the  use  of  two  special  cultiire-mc<lia  for  the  dif- 
ferentiation of  the  typhoid  and  colon  bacilli. 

Medium  No.  I  consists  of: 

AspumicinD         .......  0,3   per  r^nl.  in  dintlUcd  water. 

MNniiite 0.2 

Soiiiiiin  rlilnride    ,  .  0.02  ""  " 

Mwrnwiiiim  sulphulo  O.Ol 

tillciuni  fliloriac  .   .  O.IW         "  ■■ 

MonD-]wta»duin  pboepLato    .  0.2  "  " 

'  The  reader  is  referred  lo  th«  origitial  artiele  for  nwDf  ImportoDt 
dot»iU  that  ara  not  included  here. 

'Capiildi  and  Pniskainir:  Zcitechrift  fur  Hygiene  und  Itifekttgn*- 
krankhcilcn,  1B9(),  Baod  uiii.  8.  45S. 
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Medium  Ho,  2  connists  of: 


Both  media  are  to  he  slmlized,  the  reaction  hroiight 
to  the  litmus  neutral  point  with  caustic  potash  solu- 
tion, and  enough  litmus  tincture  then  added  to  them  to 
cause  u  distinct,  though  not  too  intense,  purjtle  color. 
Afler  this  they  are  to  be  again  sterilized,  when  they 
are  ready  for  use. 

After  20  hours  at  37^-38°  C.  typical  colon  batilli 
uud  the  varieties  of  this  organism  develop  in  both  solu- 
tions, hut  pn)duce  «riV/  on/i/  in  mrtlivm  j\'b.  J. 

The  typhoid  bacillus  gmws  onlj/  in  medium  No.  S, 
and  its  growth  h  acconijiunied  by  the  produetion  of 
an  acid  reactitm. 

The  growth  of  bacillus  coli  in  medium  No.  2  is  ao- 
companied  by  a  slight  nlkuUvc  reaction. 

Tlie  alteration^i  in  reaction  are  indicated  hy  the  cor- 
responding changes  in  the  color  oi  the  litmus  tincture 
in  the  media. 

It  is  interesting  to  nott;  that  in  this  test  the  usual 
reactions  pnxinced  by  these  organls^ms  in  peptone  media 
oontaining  the  onlinary  fermentable  carbohydrates,  such 
Ba  glucose  and  lactose,  are  reversed. 

The  autliors  stat«  that  this  nictho<l  has  thus  far  shown 
itself  to  be  infitlliblc  for  the  differentiation  of  cultures 
of  typhoid  and  colon  bacilli  obtained  by  them  from 
everj'  available  source. 

The  spleen  of  a  patient  dead  of  typhoid  fever  is  the 
most  reliable  source  from  which  to  obtain  cultures  of  the 
typhoid  bacillus  for  study.  But  it  must  always  be  re- 
membered that  the  same  channels  through  which  the 
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typhoid  badllits  guiiiH   iiccess  to  this  visciis  are   liki 
wist'  open  to  other  urgauisnis  jtresent  in  the  intcstUu 
und  for  tins  n'sison  baetcnitm  coli  commune,  a  no 
inhabitant   of  the   eotun,   niay  also   be  found  in 
IiKSility. 

Note. — Obtain  a  pure  ciiltnrc  of  typhoid  baeilli,  attjl 
from  this  make  iiKKuilations  npon  a  iwries  of  potato 
of  different  ages  and  from  different  sources.     Do  t 
all  grow  alike? 

Before  sterilizing  render  another  lot  of  potatoes  slightl 
acid  with  a  few  drops  of  very  dihite  aeetie  acid  ;  rendi 
others  very  slightly  alkaline  with  dilnte  canstio  i 
Are  any  differences  in  the  growths  noticeable? 

Make  a  aeries  of  twelve  tnbea  of  peptone  solution  to 
which  rosolic  acid  has  been  added.  Inoi'ulate  them  all 
with  as  nearly  the  same  amount  of  material  as  possible 
(one  loopful  from  a  bouillon  eulturc  ijito  each  tube) ; 
place  them  all  in  the  inenbator.  Is  the  c(jlnr-change, 
as  compared  with  that  of  the  enntrol-tube,  the  same  in 
all  eases. 

Compare  the  morphology  of  cultures  of  the  same  age 
<m  gelatin,  agar-agar,  and  (totato. 

Select  a  culture  in  which  the  vacuolations  are  quite 
marked.  Examine  tins  eultnro  unsltiinetl.  Do  tlie 
or^misms  look  as  if  they  contained  spores?  How 
would  you  denionritrale  that  the  vacuolations  are  not 
sjMjres?     What  is  the  crueial  U'st  for  spores? 

Obtain  from  normal  fiwes  a  pure  culture  of  the 
commonest  organism  present.  Write  a  full  description 
of  it.  Now  make  parallel  rnltures  of  this  oi^nisro  and 
of  the  typhoid  bacillus  on  all  tJic  ditfercnt  me<]ia.  H(|W 
do  they  differ?     In  what  respects  arc  they  similar?  \ 
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BACTERIUM  COLI  C'OMMUKE  ;  BACILLUS  COLI  COMMUNIS 
UfLON  BACILLUS;  BACILLUS  NEAI'OLITANUS  Of 
EMMERICH. 

This  organism  waa  diijcovered  by  Escherich,  in  1885, 
in  tlie  int^^stiDul  dischar^s  of  milk-fed  infiints.  It  has 
i^incG  been  demonstrated  to  be  a  normal  inhabitant  of  t}ie 
intestines  of  man  and  of  certaia  domestic  animals 
(bovines,  liogs,  dogs). 

For  a,  time  afttT  its  discovery  it  was  coDsidered  of 
but  little  importance  and  attracted  attention  only  be- 
cause of  it-s  resemblance,  in  certain  respects,  to  the  bacil- 
lus of  typhoid  fever,  with  which  it  was  occasiumilly 
confounded.  In  this  particular  it  still  serves  as  a 
subject  for  study.  Some  have  even  gone  so  far  as  to 
regard  them  as  but  varieties  of  one  and  the  same 
species,  though  in  the  present  state  of  our  knowledge 
this  is  an  assumption  for  which  us  yet  there  are 
not  sufficient  groiuids.  That  they  (iowm'ss  in  common 
certain  general  points  of  resemblance  and  often  ap- 
proach one  another  in  some  of  their  biolt^cal  pecnliar- 
ities  is  tnie;  but,  as  we  shall  learn,  they  each  possess 
peculiarities  which,  when  conaidcrt>d  tog(?ther,  render 
their  differentiation  from  one  another  a  matter  of  but 
little  difficulty. 

Witli  tlie  wider  application  of  bacteriological  methods 
to  tlie  stutly  of  puthologieal  procesfics  it  was  ncoisionally 
observed  that,  under  favorable  circumstances,  ftacUlns 
coli  communis  disseminated  from  Its  normal  habitat 
and  appeared  in  remote  organs,  often  ass<x;iated  with 
diseased  conditions.  This  was  at  first  considered 
of  but  little  importance,  and  its  presence  in  these 
localities    was    usually    regarded    as   aceldental.      Ite 
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repeated  apjKjardiicc,  however,  in  different  parts  of 
the  body  outside  of  the  intestines,  and  the  frequency 
of  its  association  with  pathological  conditions,  ultimately 
attracted  attention  to  it,  and  in  consequence  during  the 
past  few  years  a  great  deal  has  been  written  concerning 
the  possible  pathogenic  nature  of  this  organism. 

The  fact  that  it  is  a  commensal  species,  always  inti- 
mately associated  with  certain  of  our  life-processes, 
together  with  the  fact  that  it  is  known  to  appear  in 
organs  other  than  that  in  w^hich  it  is  normally  located, 
and  that  its  occurrence  in  diseased  conditions  is  not 
rare,  justifies  the  opinion  that  it  is  one  of  the  most 
imjx)rtant  of  the  micro-orgjuiisms  with  which  we  have 
to  deal. 

While  not  genemlly  considertKl  a  pathogenic  organ- 
ism, there  is,  nevertheless,  sufficient  evidence  to  war- 
rant th(*  statement  that,  under  favorable  conditions, 
with  which  we  are  not  entirely  fann'liar,  this  organism 
may  assume  ])ath()^cnic  projxTties,  so  that  its  presence 
in  diseased  condition.s  is  not  alwavs  to  be  considered  as 
accidental,  thoujrh  this  is  frequcHitly  the  case. 

The  morpholoj^ical  and  cultural  peculiarities  of  bao- 
terium  coll  rcfnunutw  are  as  follows  : 

MoRPnoLcxJY. — In  shape  it  is  a  rod  with  rounded 
ends,  sometimes  so  short  as  to  a])pear  almost  spherical, 
while  a^ain  it  is  seen  as  very  much  longer  threads. 
Often  both  forms  are  associated  in  the  simie  culture. 
It  may  occur  as  single  cells,  or  as  pairs  joined  end  to 
end. 

It  has  no  peculiar  morphological  features  that  can 
aid  in  its  identification,  for  in  this  res])ect  it  simu- 
hites  manv  other  ortrjinisms.  It  is  usuallv  said  to  be 
motile,  and  imdoubtedly  is  motile   in  the  majority  of 
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casfs ;  but  its  movements  are  at  time  ho  bIu^iuIi  that  u 
positive  opinion  is  oft*n  diPIicuIt. 

By  Lfoffler's  raetliod  of  staiuing,  flagella  can  be  de- 
moustrateil,  thoiigb  iisually  not  in  such  numbers  as  arc 
seen  to  occur  on  tbe  typlioid  fever  bacillus. 

It  does  not  forni  spores. 

It  grows  both  with  and  without  free  oxygen. 

On  Gelatin. — On  the  surface  its  cohmieM  appear  as 
small,  dry,  irregular,  flat,  bhie-whitc  points  that  are 
commonly  somewhat  dentated  or  notched  at  the  margin. 
They  arc  a  trifle  denser  at  the  centre  than  at  the 
]>eripbery,  and  are  often  marked  at  or  near  the  middle 
by  an  oval  or  rotnul  imcleiis-like  mass — the  original 
colony  from  whieh  the  layer  on  the  surface  developed. 
When  located  in  the  depths  of  the  gelatin,  and  ex- 
amined with  a  low-power  lens,  they  are  at  first  seen  to 
be  finely  gnitiular  and  of  a  very  pale  greenish-yellow 
color ;  later  they  become  deosiT,  darker,  and  miieh 
more  markedly  granular;  in  Blmi>e  they  are  round, 
oval,  and  lozenge-like.  Wlien  the  surface  colonies  are 
vieweil  under  a  low  power  of  the  micmscope  they  pre- 
sent essentially  the  same  nppeanince  as  that  given  for 
the  colonies  of  the  bacillus  of  typhoid  fever,  viz.,  they 
resemble  flattened  pellicles  of  glass-wool,  or  patches  of 
finely  ground  colorless  glass.  Colonies  of  this  organ- 
ism on  gelatin  are  frequently  cneounterod  tliat  cannot 
be  distinguished  from  those  resulting  from  the  growth 
of  biu-Uliis  iijiihoifun;  though,  as  a  rule,  their  growth  is  a 
little  mort;  luxuriant. 

In  stab-  and  smear-eulturcs  on  gelatin  the  surfeee- 
growth  is  flat,  dry,  and  blue-white  or  pi-arl  color. 
Limited  growth  occurs  along  the  track  of  tlie  needle  in 
1  depths  of   the  gelatin.      As  the  culture  becomes 
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uldor  the  gelatin  round  about  the  surface-growth  may 
gradually  lose  its  trauspurency  and  bcMime  cloudy, 
uften  quite  opaque.  In  still  older  cultures  small  root- 
or  branch-like  projections  from  the  surface-gn>«'tJi  into 
the  gelatin  are  sometimes  seen.  At  times  these  may  be 
of  a  distinctly  crystalline  appearance. 

It  does  not  cause  liquefaction  of  gelatin. 

Its  growth  oD  nutrient  agar-agar  and  on  blood-serum   < 
ia  luxtiriaut,  hut  not  e.lianict«ristic. 

In  lx>uillon  it  causes  diffuse  clouding  with  sedic 
tation.     In  some  bouillon  cultures  an  attempt  at  pel^  I 
licle-formation  on  the  surface  nmy  be  seen,  but  this 
is  exceptional.      In  old  bouillon  cultiin^s  the  reaetioa 


may 


becomes  alkaline   and  a  decided   faecal   i 
detected. 

It«  growth  on  i>otato  is  rapid  ami  voluminous,  i\ 
pearing   after   twenty-fi)ur  tn  thirt\--t'ix    hour;  in  ( 
ineiiltator  an  a  more  or  less  lobidated  layer  of  s 
dark-eream,  or  bmwnish-yellow  color. 

In  neutral  milk  e^mtatning  a  little  litmus  tincture  [ 
the  blue  color  is  changed  to  n-d  after  from  eighteen  to  1 
twent^'-four  hours  in  the  incultator,  and,  in  additioi^  i 
the  majority  of  cultures  cause  firm  coagulation  of  Ihi  I 
casi'in  in  alwut  thirty-six  hours,  though  freqnently  thifl  | 
takes  longer.  IVry  rarelif  the  litmus  may  indicate  tbt 
production  of  aeid  and  no  eoi^^ulution  occur. 

In   media  containing  glucose  it  grows  rapidly  and  J 
causes  active  fenncntatiiin,  with  liberation  of  c 
acid  and   hydrogen.      If  cnltivatol  in  solid  ni 
which  glucose  (2  j»er  wnt.)  has   been  adde<l,  the  | 
formation  is  recognized  by  the  api^'aranci 
bubbles  along  ami  about  the  |)oints  of  grc 
I  media,  also  containing  ^ 
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fermeiiUition-tubii,  cvkleuce  of  fcrmentution  is  givpn  by 
the  c»illt>ctiiiii  of  gas  in  the  closed  arm  of  the  tulie, 

Ou  lactoHe-litiiiiift-agJir-agar  its  culuuies  are  pink  and 
the  color  of  the  surrotiDding  medium  is  changed  from 
blue  to  rt-d. 

It  produces  iiidol  in  btrth  bouilluii  iind  peptone  solu- 
tion. 

In  Dunliam'ij  peptone  solution  it  produces  indol  in 
from  forty-eight  to  seventy-two  hours. 

It  stains  with  the  ordinary  aniline  dyes.  It  ia  decot- 
orizcd  when  treated  by  the  method  of  Gram. 

By  comparing  what  has  been  said  of  bticUlun  ii/pho- 
SHH  and  of  bacterium  coU  eatmnuiie  it  will  be  seen  that 
while  they  simulate  each  other  in  certain  respects,  tliey 
nevertheless  possess  individual  characteristics  by  which 
they  may  readily  be  differentiated.  The  least  variable 
of  the  differential  points  are : 

1.  Motility  of  bUL-illim  tifpliomi-H  is  niiicli  more  eon- 
spicnons,  as  a  rule,  than  i.s  that  of  btifft^rivm  roH  eom- 
viunc. 

2.  On  gelatin  colonies  of  the  typhoid  bacillus  de- 
velop more  slowly  than  do  those  of  the  colon  bacillus. 

3.  On  potato  the  growth  of  the  tjphoid  bacillus  is 
□sually  invisible  (though  not  always) ;  while  that  of  the 
colon  bacillus  is  rapid,  luxuriant,  and  always  visible. 

4.  The  typhoid  bacillus  does  not  cause  coagulation  of 
milk  with  acid  reaction.  The  colon  bacillus  does  this 
in  from  thirty-sis  to  forty-eight  hours  in  the  incubat^ir. 

5.  The  typhoid  bacillus  never  causes  fermentation, 
with  liberation  of  gas,  in  media  containing  glucose,  lac- 
tose, or  saccharose.  The  colon  bacillus  is  conspicuous 
for  its  power  of  causing  gaseous  fermentation  in  such 
solutions. 
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6.  In  nutrient  agar-agar  or  gelatin  containing  lactose 
and  litmus  tincture,  and  of  a  slightly  alkaline  reaction, 
the  color  of  the  colonies  of  typhoid  bacillus  is  pale  blue, 
and  there  is  no  reddening  of  the  surrounding  medium ; 
while  colonies  of  the  colon  bacillus  are  pink  and  the 
medium  round  about  them  becomes  red. 

7.  The  typhoid  bacillus  does  not,  as  a  rvley  possess  the 
pro|)erty  of  producing  indol  in  solutions  of  j>eptone;  the 
growth  of  the  colon  bacillus  in  these  solutions  is  accom- 
panied by  th(»  prcxluction  of  indol  in  from  forty-eight 
to  se\x»ntv-two  hours  at  37^  to  38°  C 

Animai.  IxocuLATiONs. — As  with  the  bacillus  of- 
typhoid  fever,  the  results  of  incxjulation  of  animals  with 
cuhures  of  this  organism  cannot  be  safely  predicted. 
According  to  the  observations  of  Escherich,  Emmerich, 
Weisser,  and  others,  the  effects  that  do  ap^iear  are  in 
most  instances  to  be  attributed  to  the  toxic  rather  than 
to  the  infective  properties  of  the  culture  used. 

Wh(^n  introduced  into  the  subcutaneous  tissues  of 
mice  it  has  no  effect,  while  similar  inoculations  of  guinea- 
pigs  are  sometimes  (not  always)  followed  by  abscess- 
formation  at  the  point  of  operation,  or  by  alterations  very 
similar  to  those  produced  by  intravascular  inoculation, 
viz.,  death  in  l(»ss  than  twenty-four  hours,  acc(mi|)anied 
by  redness  of  th(»  piM'itoneum  and  marked  hypenemia 
and  ecchvmoses  of  the  small  intestine,  toirether  with 
swelling  (»f  Pcycr's  pat<*hes.  The  cjecum  and  colon 
may  remain  unchanged  or  present  enlarged  follicles. 
There  mav  or  mav  not  be  an  accumulation  of  fluid  in 
the  abdominal  <'avity ;  but  peritonitis  is  rarely  present. 
The  small  intestine  mav  contain  bloodv  nnicus. 

Intravenous  in<H'ulation  of  rabbits  mav  be  followed 
by  similar  changes,  with  often  the  occurR'uce  of  diar- 
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rlirea  In-fore  deatli,  wliicli  nmy,  in  the  acute  eases,  reeiilt 
iti  fnim  Lliree  to  forty  Lours.  In  auiitlier  group  of 
cases  acute  &tal  intoxication  (Iocs  nut  result,  and  the 
animal  lives  for  weeks  or  montlis,  ilying  iiltimjitely  of 
what  appears  to  be  tlie  eSecta  of  a  slow  or  chronic  form 
of  infection.  For  a  few  hours  after  inoculation  these 
animals  present  no  mtirked  symptoms  j  exceptionally, 
somnolence  and  diarrliceu  ha\-K  lieen  observed  at  this 
period,  indicating  acute  intoxication  from  which  the 
animal  has  recovered.  The  affection  is  unnttendeii  hy 
fever.  The  most  marked  symptom  is  loss  of  weight. 
This  is  usually  progressive  from  the  first  or  second  day 
aft^r  inoculation,  with  alight  fluctuations  until  death. 

At  autopsy  the  animal  is  futiud  to  be  emaciate. 
The  suite utatieous  tissues  and  the  mtisdeB  appear  pale 
and  dry.  The  serous  cavities,  parti(!ularly  the  pericar- 
dial, may  contain  an  excess  of  serura.  The  viscera  are 
antrmic.  The  spleen  is  small,  thin,  and  jiale.  Ex- 
ceptionally ulcers  and  ecohymoses  are  observed  in  the 
caecum,  but  generally  there  arc  no  lesions  of  the  intes- 
tinal tract. 

The  most  striking  and  constant  lesions,  those  m<»t 
characteristic  of  the  affection,  are  in  the  bile  and  in  the 
liver ;  in  some  cases  the  quantity  of  bile  may  not  exceed 
the  normal,  but  in  others  the  gall-bladder  tony  be  ab- 
normally disttmded  with  bile.  The  bile  is  nearly  coloi^ 
less  (ir  has  a  pale  ycUowJ.sh  or  brownish  tint,  with  little 
or  no  greenish  color.  Its  consistence  Ls  nmcii  less 
viscid  than  normal,  being  often  thin  and  watery.  It 
usually  contains  small,  opa<]ue,  yellowish  jMirticles  or 
clumps  which  can  be  seen  floating  in  it,  even  through  the 
walls  of  the  gall-bladder.  These  clumps  consist  micro- 
soopieally  of  bile-stained,  apparently  necrotic,  epithelial 
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cells ;  leucocytes  m  small  numbers ;  amorphous  masses 
of  bile-pigment,  and  bacteria  often  in  zoogloea-like 
clumps.  Similar  material  is  found  in  the  larger  bile- 
ducts. 

The  liver  frequently  contains  opaque,  whitish  or  yel- 
lowish-white spots  and  streaks  of  irregular  size  and 
shape,  which  give  a  peculiar  mottling  to  the  organ  when 
present  in  large  number.  These  areas  may  be  numer- 
ous, or  only  one  or  two  may  be  found.  In  size  they 
range  from  minute  points  to  areas  of  from  2  to  3  cm.  in 
extent.  By  microscopic  examination  they  are  found  to 
represent  localities  where  the  liver-colls  have  undergone 
necrosis  accompanied  by  emigration  of  leucocytes,  and 
the  cells  about  them  are  in  a  condition  of  fatty  degenera- 
tion. In  sections  of  the  liver  masses  of  the  bacilli  may 
be  discovered  in  and  about  the  necrotic  foci  just  de- 
scribed. 

At  these  autopsies  the  colon  bacillus  is  not  found 
generally  distributed  through  the  body,  but  is  only  to 
\h}  detected  in  the  bile,  liver,  and  occasionally  in  the 
spleen.^ 

*  (Vmsult  ])jiiH'r  by  Blachstoin  on  this  subject,  Johns  iro]»kins  Hos- 
pitjil  Bulletin,  IhOl,  vol.  ii.,  p.  JK>. 


CHAPTER    XXII. 

Tbe  BpirilluTU  (coraaia,  lKii:illus)  uf  Asiutiu  cliulBni— Its  morphulogical 
Bod  cultural  peculiarities — Puthoguaic  praperties— Tbo  bacterio- 
logical diaguueiu  uf  Asiatii'  cholera. 

At  the  conference  held  in  Berlin  in  1884  for  the  pur- 
pose of  discuasing  Asiatic  cholera  from  the  sanitary 
aspect,  it  was  announced  by  Koch'  that  lie  had  dis- 
covered in  the  intestinal  evaouations  of  individuala  Biif- 
ftriiig  from  Asijatic  cholera  a  inicro-organiHra  that  he 
believed  to  be  the  (Sinse  of  the  malady.  The  importance 
of  this  statement  ncccsaarily  attracted  widespread  att*^n- 
tion  to  the  subject,  and  us  one  of  the  consequences  there 
existed,  for  a  short  time  following,  some  skepticism  as 
to  the  accuracy  of  Koch's  claim.  These  donbts  aroee  as 
a  result  of  a  series  of  contributions  from  other  observers, 
who  endeavored  to  prove  that  the  nr^nisni  fiinnd  by 
Koch  in  ciiolcra  evacuations  was  common  toother  local- 
ities, and  was  not  a  specific  accompaniment  of  this  dis- 
ease. It  was  not  very  long,  however,  before  it  was 
evident  that  these  objections  wore  Iwsed  upon  untnist- 
wortliy  observations,  and  that  by  reliable  methods  of 
investigation  the  oi^nism  to  which  he  had  called  atten- 
tion could  be  easily  differentiated  from  each  of  those 
with  which  it  was  claimeti  to  be  identical. 

This  oi^nism,  known  both  as  the  spirilltim  of  Asiatic 
cholera,  and,  becjiuse  of  its  morphology,  as  Koch's 
r  Erorterang  der  Clioletaf^jre. 
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"  comma  bacillus,"  is  identified  by  the  following  peculi- 
arities : 

SPIRILLUM   CHOLERA   ASIATICiE. 

Morphology. — It  is  a  slightly  curved  rod,  ranging 
from  about  0.8  to  2  //  in  length  and  from  0.3  to  0.4  fx 
in  thickness — that  is  to  say,  it  is  usually  from  about  one- 
half  to  two-thirds  the  length  of  the  tubercle  bacillus, 
but  is  thicker  and  plumper.  Its  curve  is  frequently 
not  more  marked  than  that  of  a  comma,  and,  indeed,  it 
is  often  almost  straight;  at  times,  though,  the  curve  is 
mu(;h  more  pronounced,  and  may  even  descril)e  a  semi- 
circle. Occasionally  the  curve  may  be  double,  one 
comma  joining  another,  with  their  convexities  pointing 
in  opposite  directions,  so  that  a  figure  similar  to  the 
letter  S  is  prwluced.  In  cultures  long  spiral  or  undu- 
lating threads  may  often  be  seen.  From  these  appear- 
an(;es  this  organism  cannot  be  considered  as  a  bacillus, 
but  rather  as  an  intermediate  type  between  tlie  bacilli 
and  the  spirilla.  Ko(»h  thinks  it  not  improbable  that 
the  short  comma  forms  represent  segments  of  a  true 
spirillum,  the  normal  form  of  the  organism.     (Fig.  73.) 

It  does  not  ibrm  siH)res,  and  we  have  no  reliable  evi- 
dence that  it  possesses  th(»  property  of  entering,  at  any 
time,  a  stage  in  which  its  |X)wers  of  resistance  to  detri- 
mental agencies  are  in(»reased. 

It  is  a  flagellated  organism,  but  has  only  a  single 
flagellum  attached  to  one  of  its  ends. 

It  is  actively  motile,  esi)ecially  in  the  comma  stage ; 
though  the  long  spiral  fi)r!ns  also  possess  this  property. 

Groupixo. — As  found  in  tliesliniv  flakes  in  the  intes- 
tinal  discharges  from  cholera  patients,  Koch  likens  its 
"     ^    '^^  grouping  to  that  seen  in  a  school  of  small  fish 
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when  ewimming  up  fltreaiu — »*,  e.,  they  all  point  in  nearly 
the  same  direction,  and  lie  in  irrogularly  parallel,  linear 


eidTiUam  of  Aalatlc  c 


olpra.    Imrrnuiloii  coTer^lIp  from  s  colon;  thlrt]'- 


groupe  that   are  formed  by  one  comma  being  behind 
the  other  without  being  attached  to  it. 


Involutlun-rorms  nflbc  Bp[r[lliim  of  Asiatic  cholen,  as  teen  !□  nld  cultnrei. 

On  cover-alip  preparations  made  from  cultures  in  the 
ordinary  way  there  is  nothing  charaeteristic  about  the 
grouping ;  but  in  impression  cover-slips  made  from 
young  cultures  the  short  commas  will  nearly  always  be 
seen  in  small  groups  uf  three  or  four,  HHng  together  in 
8aoh  a  way  as  to  have  their  long  axes  nearly  parallel  to 
<Mie  another.     (See  Fig.  73.) 

In  old  cultures  in  which  development  has  ceased  it 
j  degenerative  changes,  and  the  characteristic 
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comma  :in(l  spiral  shaix's  may  eiitin-Iy  disapiK-ar,  their 
place  being  taki'ti  by  irregular  involulioD-fortUH  Uiat 
present  every  variety  of  outliue,  ^See  Fig.  74.)  In 
this  stage  they  take  on  the  stain  very  feebly,  and  often 
not  at  all. 

Cultural  PEy^tlLlARlTlEs. — On  plates  of  nutrient 
gelatin  that  have  been  prepared  from  a  pure  culture  of 
this  organism  and  kept  at  a  temperature  of  from  20° 
to  22°  C,  developmt'iit  can  often  be  observed  after  as 
fltort  a  period  as  twelve  hours,  but  frequently  not  be- 
fore sixteen  to  eighteen  hours.  This  is  especially  true 
of  the  first  or  "original"  plate,  containing  the  largest 
number  of  colonies.  At  this  time  the  plat(>  will  pre- 
sent to  tlie  naked  eye  an  appcaranee  that  has  been 
likened  tu  a  ground-glass  surliiue,  or  to  a  surlace  that 
lias  been  stippled  with  a  finely  point^nl  nt^le,  or  one 
ui»n  which  verj'  fine  dust  has  Iieen  uprinklcd.  This 
apiH-arance  is  due  to  the  presence  of  minute  coluuies 
closely  piteked  together  upon  the  surface  of  the  gelatin. 
In  the  depth  of  the  gelatin  can  also  be  seen  chtsely 
packed,  small  points,  likewise  representing  growing 
colonies.  As  growth  pn^resses  liquefaction  (wcura 
around  the  superficial  colonies,  and  in  conseqni'ucc  thi^ 
plate  is  usiudiy  entirely  liquid  aft<!r  from  twenty-four 
to  thirty  Iioiirs ;  tiie  developmental  phases  through  wliich 
the  colonies  pass  cjinnot,  therefore,  be  studied  u[H>n  it. 

On  plat«H  2  and  3,  where  the  colonies  are  more  widely 
separated,  tliey  can  be  seen  after  twenty-four  to  thirty 
hours  as  »mall,  round  or  oval,  wliit*-  or  cream-white 
points,  and  when  located  superficially  a  narrow  tntns- 
jMirent  zone  of  liquefaction  can  be  detected  uround 
them.  As  growth  continues  this  liquefaction  extends 
downward  rather  than  ktorally,  and  the  colony  uiti- 
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matt'ly  iissiimcs  the  appeamnce  oi'  a  (lease,  white  mass 
lyiug  at  the  bottom  oi'  a  sliarpfy-cut  pit  or  fuimel  con- 
taining tninspat'eut  fluid.  Tliia  liqueliictiun  is  never 
very  \v  idcspreiMl  nor  rapid,  uud  rart'ly  exti^nds  more 
than  one  millimetre  beyond  the  colony  proper.  On 
plates  uoiitaiuing  few  colonies  there  ia  little  or  no 
tendency  for  them  to  become  confluent,  and  they  rarely 
exceed  2  to  3  miu.  in  diameter. 


DcvdnprneDtal  pbMCia  nl  colonies  of  (he  Bplrilliim  ol 

20°  to  2«  (T.  oil  pilBtln.    X  about  7S  diamrtera. 
1.  Atttr  Hlxteeti  tn  eighteen  houni.    6.  After  twfnty-foiir  to  twonly-Blx 
hniirn.    >.  Aner  thirty-elehl  to  fr>rty  hoii™.    rf.  After  forty-eight  to  fifty 
hfliini.    e.  After  ality-foiir  lo  Berumy  hoiire. 

When  examineil  under  a  low  magnifying  lens  tho  very 
young  colonies  (sixteen  to  eighteen  hours  old)  appear 
aw  pale,  translucent,  granular  glofmles  of  a  very  delicate 
greenish  or  yellowish-green  color,  nharply  outlined,  and 
not  perfectly  round.  (See  «,  Fig.  75.)  Aa  growth  pro- 
grcesea  this  homogeneous  granular  appearance  is  re- 
placed hy  an  irregular  lobulation,  and  ultimately  the 
eharply-cut  margin  of  the  c«lony  becomes  deiitated  or 
scalloped.  (See  h  and  e,  Pig,  75.)  AfVer  forty-right 
hours  {and  freqiienlly  sooner)  liquefaction  of  the  gelatin 
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)ius  takfu  jiluce  lo  sucli  an  txteiit  lliut  the  apjK'araDce 
of  the  crtlouy  is  entirely  altered.  Under  a  magnify- 
ing glass  the  eolony  proper  is  uow  seen  to  be  ragged 
about  its  edges,  while  here  and  there  shreds  of  the 
'colony  can  be  detected  scattered  through  the  liquid 
into  which  it  is  tanking.  These  shreds  evidently  repre- 
sent portions  of  the  colony  that  l>ecaine  detached  from 
its  margin  as  it  gradually  sank  into  the  liquefied  area. 

At  d,  in  Fig.  75,  is  seen  a  representation  nf  the 
sevcnLl  appearances  ailbrded  by  the  colonics  at  this 
stage.  At  the  end  of  tiie  second,  or  during  the  early 
part  of  the  third  day,  the  sinking  of  the  colonies  into 
the  liquefied  pits  resulting  from  their  growth  Is  about 
complete,  and  under  a  low-power  lens  they  now  appear  as 
dense,  granular  masses,  surrounded  by  an  area  of  lique- 
faction through  which  can  be  seen  granular  prolonga- 
tions of  the  colony,  usually  extending  irregularly  be- 
tween the  periphery  and  the  central  mass.  (See  e,  Fig. 
76.)  If  the  periphery  be  examined,  it  will  be  seen  to 
be  fringed  with  delicate,  cilia-like  lines  that  radiate 
from  it  iu  much  the  same  way  that  cilia  radiate  from 
the  ends  of  the  columnar  epithelial  cells  lining  the  air- 
passages. 

These  are  the  more  marked  phases  through  which  the 
colonies  of  this  oi^nism  pass  in  their  development  o 
gelatin  plates.  In  some  cultures  the  various  ] 
here  given  pass  in  succession  more  quickly,  while  x 
cultures  from  other  sourees  tlicy  may  be  somewhat  r*-  ^ 
tankn]. 

On  plates  of  nutrient  agar-agar  the  appearance  of  the 
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ictcristic.     The 
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oval  pali-hes  of  growth  that  nn-  lofiist  and  moderately 
wpurvnt.     The  colouiea  ou  tliis  medium  at  37°  C 
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uatiir.illy  gniw  to  a  larger 
gelatin  at  '2'2°  C, 

111  stab-cultures  in  gelatin  there  appears  at  tlie  top 
of  the  needle-track  after  thirty-nix  U.}  forty-eight  hours 
at  22°  C.  a  ttniall,  funiiel-^baped  depression.  An  the 
growth  progrotwes  liqueiaction  otx^urH  a))out  this  point. 
In  the  centre  of  the  depression  can   Ih,'  distingnisliecl 


After  iiventj- 


a.  small,  dense,  whitish  elnmp,  the  colony  itself.  As 
growth  cnntinuen  the  depression  increases  in  extent 
and  ultimately  assumes  an  appearance  that  consists  in 
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the  apparent  sinking  of  the  liquefied  portion  in  such 
a  way  as  to  leave  a  perceptible  air-space  between  the 
top  of  the  liquid  and  the  surface  of  the  solid  gelatin. 
The  growth  now  appears  to  be  capped  by  a  small  air- 
bubble.  The  impression  given  by  it  at  this  stage  is  not 
only  that  there  has  been  a  liquefaction^  but  also  a  coin- 
cident evaporation  of  the  fluid  from  the  liquefied  area 
and  a  constriction  of  the  superficial  opening  of  the  fun- 
nel. (See  ay  b,  c,  and  d.  Fig.  76.)  Liquefaction  is  not 
especially  active  along  the  deeper  portions  of  the  track 
made  by  the  needle,  though  in  stab-cultures  in  gelatin  the 
liquefaction  is  much  more  extensive  than  that  usually 
seen  around  colonies  on  plates.  It  spreiids  laterally  at 
the  up})cr  portion,  and  afler  about  a  week  a  large  part 
of  the  gelatin  in  the  tube  may  have  become  fluid,  and 
the  growth  will  have  lost  its  chamctcristic  aj)pearance. 

Stal)-  and  smear-cultures  on  agjir-agiir  present  noth- 
ing characteristic. 

Its  growth  in  bouillon  is  luxuriant,  causing  a  diffuse 
clouding  and  the  ultimate  production  of  a  delicate  film 
upon  the  surface. 

In  sterilized  milk  of  a  neutral  or  amphoteric  reaction 
at  a  temperature  of  36°  to  38*^  C.  it  develops  actively, 
and  gradually  produces  an  acid  reaction,  with  coagula- 
tion of  the  casein.  It  retains  its  vitality  under  these 
conditions  for  about  three  weeks  or  more.  The  blue 
w>lor  of  milk  to  which  neutral  litmus  tincture  has  been 
added  is  changed  to  pink  after  thirty-six  or  forty-eight 
hours  at  lK)dy-temperature. 

Its  growth  in  i>eptone  solution,  either  that  of  Dun- 
liam  (see  Special  Media)  or  the  one  preferred  by  Koch, 
viz.,  2  parts  of  Witte^s  ]K»ptone,  1  part  of  sodium  chlo- 
ride, and  100  parts  of  distilled  water,  is  accompanied  by 
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the  prtHliiL-tioii  of  Iioth  indol  »n<1  nitrites,  no  that  after 
elglit  til  twelve  hours  in  the  incubator  at  37°  C  the  rose 
color  characteristic  of  iudol  appears  upon  the  addition 
of  siilplmric  acid  alone.     (See  Imlul  Reaction.) 

(Wliat  does  the  prest^nee  of  nitrites  in  these  cultures 
mgnify?) 

In  peptone  solntion  to  which  rosolic  acid  has  Iwen 
ad<te<l  the  red  wilor  \»  very  much  intensified  after  four 
or  live  days  at  37°  C. 

Its  growth  on  potato  of  a  slightly  acid  reaction  is  seen 
after  three  or  four  days  at  37°  C.  as  a  dull,  whitish, 
non-glistening  pateli  at  and  about  the  site  of  inocula- 
tion. It  is  not  elevatt'd  above  the  surface  of  the  potato, 
and  can  only  be  distinctly  seen  when  held  lo  the  light 
in  a  piirticular  [Mjsition.  Growth  on  acid  |K»tatfl  occurs, 
however,  only  at  or  near  the  body-tempi'rature,  owing 
probably  to  the  acid  reaction,  which  is  sufficient  to  pre- 
vent development  at  a  lower  tcnifwrattirc,  but  does  not 
have  this  effect  when  the  tempiTatun-  is  more  favorable. 
On  solidified  blwKl-senim  growth  is  usually  said  to 
be  accompanied  by  slow  liquefaction,  1  have  not  suc- 
cee<Ied  in  obtaining  this  result  on  Ijofflor's  scrum,  nor 
have  I  detected  aujiJiing  characteristic  about  its  growth 
on  this  me<]iuni. 

The  temperature  most  favorable  for  its  growth  is 
between  36°  and  38°  C  It  grows,  but  more  slowly, 
at  17°  C.  Below  16°  C.  no  growth  is  visible- 
It  is  not  destroyed  by  freezing.  When  exposed  to 
65°  C.  its  vitality  is  destroyed  in  five  minutes. 

It  is  strictly  aerobic,  its  development  ceasing  if  the 
supply  of  oxygen  be  cut  off. 

It  does  not  grow  in  an  atmosphere  of  carbonic  acid, 
but  is  not  killed  by  a  temporary  exposure  to  this  gas. 
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It  does  not  grow  in  acid  media,  but  flourishes  best  in 
media  of  neutral  or  slightly  alkaline  reaction.  It  is  so 
sensitive  to  the  action  of  acids  that  at  22°  C.  its  devel- 
opment is  arrested  when  an  acid  reaction  equivalent  to 
0.066  to  0.08  iHjr  cent,  of  hydrochloric  or  nitric  acid  is 
present.     (Kitasato.) 

Under  artificial  cultivation  the  maximum  develop- 
ment of  this  organism  is  reached  in  a  comiKiratively 
short  time ;  after  this  it  remains  quiescent  for  a  j^eriod, 
and  finally  degc^nenition  begins.  The  dying  comma 
bacilli  become  altered  in  appearance  and  assume  the 
condition  known  as  "  involution-forms.''  (See  Fig.  74.) 
When  in  this  state  they  take  up  coloring-reagents  very 
faintly  or  not  at  all,  and  may  lose  entirely  their  charac- 
teristic shape. 

When  present  with  other  bacti^ria,  under  conditions 
favorable  to  growth,  the  comma  bacillus  at  first  grows 
much  more  rapidly  than  do  the  others ;  in  twenty-four 
hours  it  will  often  so  outnumber  the  other  organisms 
present  that  microscopic  examination  might  lead  one 
to  regard  the  material  undiT  consideration  as  a  pure 
culture  of  this  orgiuiism.  Its  c<)ns])icuous  develop- 
ment under  tln^se  circumstances  does  not,  however,  last 
longer  than  two  or  three  days  ;  degeneration  and  death 
l)egin,  and  the  other  organisms  gain  the  ascendency. 
This  fact  has  b(»en  taken  advantacre  of  bv  Seliottelius ' 
in  the  following  method  deviscnl  by  him  for  the  bac- 
teriological examination  of  dejections  from  cholera 
patients : 

In  dejections  not  examined  immediately  after  being 
passed  it  is  often  diflieult,  because  of  \\w  large  num- 
ber of  other  bacteria  that  may  be*  present,  to  detect 

*  I>eutsche  med.  Wochcnschrift,  IS.^,').  No.  11. 
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with  certainty  the  eh(il(?ru  organistu  by  miL-ruucopic 
exaniinatiuu.  It  is  advautagtiius  in  these  euatis  Ut  mix 
the  dejections  with  about  double  their  volume  of  slightly 
alkaline  beef-b-a,  aud  allow  theia  to  stand  for  about 
twelve  hours  at  a  temiierature  betwetni  30°  and  40"  G. 
There  appears  at  the  end  of  tliis  time,  especially  upon 
(lit  sar/ace  of  the  Jfuul,  a  conspiciioim  increase  in  the 
number  of  comnm  bacilli,  and  cover-slip  pregxirations 
made  from  the  upper  layers  of  the  Huid  will  reveal  an 
almost  pure  cidtiire  of  this  organiura. 

It  itf  not  improbable  that  a  similar  process  occurs  in 
the  intestines  of  tliosc  suffering  from  Asiatic  cholera, 
viz.,  a  rapid  multiplication  of  the  comma  bacilli  that 
have  gained  access  to  the  inteBtines  takes  place,  but  lasts 
for  only  a  short  time,  when  the  comma  Iwcilli  begin  to 
disappear,  aud  after  a  few  days  tlieir  plaoe  is  taken  by 
other  organisms. 

In  connection  with  his  experiments  upon  the  poison 
produced  by  the  cholera  organism  Pfeiffer'  states  that 
in  very  young  cultures,  grown  under  access  of  oxy- 
gen, there  is  present  a  body  that  possesses  intensely 
tosic  properties.  This  prtniar)'  cholera-poiscm  stands 
in  very  close  relation  to  the  material  composing  the 
bodies  of  the  bacteria  themselves,  and  is  probably  an 
integral  constituent  of  them,  for  the  vitality  of  the 
cholera  spirilla  can  be  destroyed  by  means  of  chloro- 
form or  thymol,  an<l  by  drying,  without  apparently 
any  alteration  of  this  (loisonous  body.  Absolute  alco- 
hol, concentrated  solutions  of  neutral  salts,  and  a  tem- 
perature of  100'  C,  decompose  this  substance,  leaving 
intact  secondary  ptiisona  which  possess  a  similar  phyai- 
ologiral  activity,  but  only  when  given  in  from  ten  to 
'  ZeiMchrift  fur  Rygiene  nnd  Infektioiisktnukhoiti'n,  Bii.  xi.  8.  303. 
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twenty  times  the  dose  necessar}*  to  produce  the  same 

cilects  witli  tlie  primary  jHiison. 

Other  meinberri  of  the  vibrio  family  also,  namely, 
rilnio  Mdvluiikori  and  that  of  Finkler  and  Prior  (see 
(lesrription  of  these  sjK'cies),  contain,  aiccordingto  Pfeif- 
fer,  ('K)sely  related  poisons. 

Kxi»i:uiMKN'i>^  rroN  Animai>5. — As  a  result  of  ex- 
periments for  the  jHiriKKse  of  determining  if  the  disease 
an  he  prcMliieed  in  any  of  the  lower  animals  it  has  been 
found  that  white  miee,  monkeys,  cats,  dogs,  poultrj',  and 
many  other  animals  are  not  susceptible  to  infection  by  the 
metho4ls  usually  employed  in  inoculation  experiments. 
WIkii  animals  are  fed  on  pure  cultures  of  the  comma 
bacillus  no  <'IVe4't  is  produced,  and  the  organisms  cannot 
Ih'  obtained  from  the  stomach  or  intestines.  They  are 
< lest  roved  in  the  stoujach,  and  do  not  reach  the  hites- 
tines;  tliev  are  not  demonstrable  in  the  fii»ces  of  these 
animals.  Intravascular  injections  of  a  juire  culture 
iuto  rabl>its  are  followed  by  an  illness,  from  which 
the  animals  u^nallv  recover  in  from  two  to  three  davs ; 
iutra|>eriton<'al  injections  into  white  mice  are,  as  a  rule, 
followcMl  by  <leath  in  IVom  twenty-four  to  forty-eight 
hours;  the  <'onditi(>ns  in  both  instances  most  probably 
r<'sultin»i;  iVom  the  toxic  activities  of  the  ])oisonous  prod- 
ucts of  ;rrowth  oi*  tin*  orjxanisms  ])res(»nt  in  tin*  culture 
emploved.  None  of  the  l(»wer  animals  has  ever  been 
known  to  sutler  sp<»ntaneously  from  Asiatic  cholera. 

The  failure  to  iuduc<»  cholera  in  animals  by  feeding, 
or  bv  iniectiou  of  cultures  into  the  stomach,  was  shown 
bv   Nicati  and    Kietsch  ^  to  be  due   to  the  destructive 

» 

a<*tion  of  the  acid  pistric  juice  <»n  the  l)acilli.     They 

'  Anhiv.  <1«-  riiys.  norm,  it  iwith..  lSwr>.  t.  vi.,  .>  srr.    (Vmiptos  ri'iulus, 
xcix.  i».  !>*Js.     KfViU'  di'  Hyj?ioiu\  1SK>.     Kovui'  do  Mt'dfciiu'.  lSSr>,  v. 
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showed  that  if  cultures  of  tliis  organism  were  intro- 
(liicetl  into  tlie  alimentary  tract  of  certain  animals  in 
such  a  maiint'P  that  they  would  not  be  subjected  to  the 
influence  of  the  gastric  jiiit*,  a  condition  pathologically 
closely  simulating  cholera  as  it  occurs  in  man  could  be 
produced.  For  this  purpose  the  common  bile-duct  was 
ligiited,  after  which  the  cultures  were  injected  directly 
into  the  duodenum.  Sueh  interference  with  the  flow 
of  bile  le&scns  intestinal  peristalsis,  and  thus  permits 
development  of  the  bacilli  at  the  point  at  which  they 
are  deposited — that  is,  the  portion  of  the  intestine  hav- 
ing an  alkaline  reaction  and  beyond  the  influene*  of  the 
acid  stomach -juice. 

By  this  method  Ntcati  and  Rictsch,  Van  Ermengem,' 
Koch,*  and  others  M'ere  enabled  to  pniiluiie  in  the  aui- 
mals  upon  which  they  operated  a  condition  that  was,  if 
not  identical,  at  all  events  very  similar  pathologicjilly  to 
that  seen  in  the  intestines  of  subjects  dead  of  the  disease. 

At  a  subsequent  conference  held  in  Berlin  in  1885 
Koch'  described  the  following  method,  by  means  of 
which  he  had  been  able  to  obtain  a  much  great<?r  de- 
gree of  constancy  in  all  his  ePTorts  to  produce  cholera  in 
lower  animals:  bearing  in  mind  the  point  made  by 
Nicati  and  Rietsch  as  to  the  effeet  produced  by  the  aeid 
reaction  of  the  gastric  juice,  this  reaction  was  first  to  be 
neutralized  by  injecting  through  a  sofl  catheter  passed 
down  the  rpsophagus  into  the  stomach  5  c.c.  of  a  5  per 
cent,  solution  of  sodium  carbonate.  Ten  or  fifteen  min- 
utes later  this  was  to  be  followed  by  the  injection  into 
the  stomach  (also  through  a  soft  catheter)  of  10  c.c.  of  a 

<  Bfcberches  sai  1e  Microbe  Aw  Chtilfnt  Asiatiquu.  PRru-BnixoIlcs, 
IB^.    Bull,  de  I'Acad.  to;.  Ae  H£d.  de  Belgiiine,  iviii.,  3v  aC-t. 
'  Loc.  cit.  >  Ibia.,  IS95, 
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iMMiillijij  'Miltiin-  ••>'  rlH-  •-}k-1-  ra  >|iinl!uiii.  For  the  por- 
px-  iti'  UTT-rlin)!  J(l-^i!■Ial^i^  am]  pt-rmittiD^  the  lac- 
f.-ria  to  n-iiiain  in  tlic  7-'t'>iua>'b  aoJ  upper  |ian  of  tbe 
diK^lifDiim  fi>r  a-  I<>di:  u  time  a-  |ii>— ili]t-.  the  aDimal  was 
to  rMf-iv*',  iinrtK'<lial4.-tv  I'i.lliiiiin:!  iLt-  inj<.i.-ti<>D  of  the 
MihiiiT,  an  inira[»t-rii' -iKai  iiij'vii'tii.  l>_v  nit^m^  vf  a 
liyjunli-rniii-  jivrin^-.  of  1  t-.".-.  ■■i'  timiure  of  opium  for 
«M-lt  ii'dt  trruiiinio  <'f  itr^  IkhIv-m t-i;|;lu.  ."^iKirtly  aft^-r 
tlitiT  Wt  iiijiHiiim  <i(i-p  narnn-is  Mt;  in  ami  last*  fmm 
a  Iialf  lo  OIK-  hour,  aft>.T  uliich  tlic  uniiiial  i:'  a^  livtly 
a-  i-v<r.  Ol'  '-'•')  ;riiiiiwi-pijr>  int»iilai>-<I  in  tlii^  way  by 
Ko<-)i,  -V}  <iifl  i>f  an  airi-"tii'U  tliai  wut-.  in  ^ncral,  vtry 
t-imilar  to  A^iuiii-  iliolini  a?^  Mi-n  in  man. 

T)io  <'oii<liiiou  of  tlio^'  aiiinial-  Ut\.r,-  d.-atli  i<:  <lc~ 
M-rilinl  a.i  t'lllow- :  nviiity-tMiir  liouiv  afur  tlu- oikts- 
tion  till.'  aulniiil  iipiK-.iis  innvill :  tlun-  is  l.^s  of  aiijii-iiic, 
uni)  ill''  iiiiiniiil  niiijiiii-  i|iiii-I  in  it^  i-.ilt.  On  the  toU 
Inwinj;  flay  a  lunilytii-  ii>ii<)ition  of  ihi'  Iiiml  extremities 
apju-iirs,  wlii<li.  .1-  th<-  ilay  wiiirs  on,  l)(i-..nH'S  more 
]ir(>iioiiii<'e<|  ;  theanimiil  liesiiiiili'  llat  iij-'n  ItsnlHlomen 
or  on  its  >^i(Ii'.  w'iili  l<fr.-=  (■xfin(I<-<i ;  ri-pinni<in  is  wtak 
aixl  proloniriil,  ami  tin-  pulsations  of  ilji-  liian  an-  lumlly 
]K-r<-i-]itil)l'- ;  tlie  li'-a<l  an<l  ixtn  uiiiies  arc  •-olil.  and  iho 
iMMlv-iiiiiiMTitnn'  i-  fnijncntly  suKiiornial,  The  aiii- 
nial  n-na!lv  'li<>  afttT  ri'niainini:  in  llii-^  I'onilition  for  a 

Al  aiilo|isv  ihi-  small  inlc-^tiiii'  i-  f.iiml  dt-i'ply  in- 
■[...■1..I  ari.l  l"illi-l  "iili  fl.Mviilinl..'olorl"s-  «ni.l.  '  The 
s(oii]a<-h  ari'l  iiil'-lijics  <lo  not  .■onlaiii  s.ili.1  masses,  hut 
tiniil  :  wli'M  'li'irrli'i'a  'loi^  n.it  iK'i'iir.  linn  s<yhala  niay 
1„.  .\.-U--t-\  ill  111-  n.Mim.  Iloll,  l.v  ini,T..>r.".pir  exan."- 
inali'.ii  and  Kv  .■uIim.v  in.'th.-ls  ronnna  l.ai'illi  an-  fonnd 
pnwnt  in  till'  Miiall  intestine  in  praetii-aily  pure  enltnre. 
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More  receDtly  Pf'eifl'er '  has  (k-torniiiied  that  csscn- 
tially  similar  const itutiotml  cilcctB  iniiy  be  prutluii^  in 
giiinea-pigTi  by  tiic  intraperitoneal  iajection  of  rela- 
tively large  numbers  of  thi»  organism.  His  plan  is  to 
scrape  from  the  surface  of  a  fretili  culture  ou  agar-agar 
as  much  of  the  growth  as  can  be  held  uptjn  a  metliitni 
size  wire  loop.  This  is  then  linely  divided  in  1  c.c. 
of  bouillon,  and  by  means  of  a  by[xxlermic  syringe  is 
injected  direetly  into  the  peritoneal  cavity.  When  vir- 
ulent cultures  have  l>ccu  iitietl  this  operation  is  quickly 
followed  by  a  fiill  in  the  tempeniture  of  the  animal  that 
is  gnidual  and  continiioua  until  death  ensues,  which  usu- 
ally occurs  in  from  eighteen  to  twenty-four  hours  after 
the  operation,  though  eswpti^maUy  the  animal  recovers, 
even  afUT  having  exhibiti'd  marked  symptoms  of  pro- 
found t«xiemia. 

Continuing  his  studies  upon  this  disease,  Pfeiffer'  has 
demonatroted  that  it  is  possible  to  render  an  animal  tol- 
erant to  or  immune  from  the  poisonous  profwrties  of  this 
otganisra  by  repeated  injections  of  non-fatal  doses  of 
dead  cultures  (cultures  that  have  l>een  killed  by  tlie 
vapor  of  chloroform  or  by  heat).  He  also  demon- 
strated that  animals  so  immunized  jioeHess  a  specific 
germicidal  action  toward  the  cholera  spirillum — j.  e.,  if 
into  the  peritoneal  cavity  of  an  animal  inimunize<l  irora 
Asiatic  cholera  living  cholera  Hpirilla  he  introduced, 
they  will  all  be  destroyed  (disintegrated)  within  a  rela- 
tively short  time.  Furthermore,  if  the  senim  of  an  animal 
immunized  from  cholera  be  injected  into  the  peritoneal 
cavity  of  another  animal  of  the  same  species,  but  not  so 

'  Zeitschrift  fur  Hyicicno  and  lufcktiuDBhisnkliclteil,  Bd.  xi,  anil  xW. 
>  Ibid..  18S4,  Bd.  ivU.  8.  356;  18W,  Bd.  lyiii.  8. 1 ;  18B5,  Bd.  XX. 
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protected,  and  immediately  afterward  living  cholera  spir- 
illa 1)0  introdueeil,  a  similar  disintegration  and  destruction 
of  tho  bacteria  will  also  result.    He  shows  that  a  more  or 
less  definite  relation  exists  between  the  amount  of  serum 
and  the  number  of  organisms  introduced.     Such  a  de- 
stnuttion  of  the  comma  bacillus  by  the  serum  of  an 
immunized  animal  does  not  occur  outside  the  animal 
body — that  is,  it  cannot  be  demonstrated  in  a  test-tube. 
Tlie  specificity  of  this  reaction  is  suggested  by  PfeiflTer 
as  a  means  of  differentiating  the  cholera  spirillum  from 
other  susi)icious  si)e(Mes,  for  no  such  bacteriolytic  action 
is  observed  if  si)eci(\s  other  than  the  cholera  spirillum 
be  introduced  into  the  peritoneal  cavity  of  animals  im- 
mnni/(>d  from  Asiatic  clioleni. 

Pfeifler  has  furtlier  demonstrated  that  the  serum  of 
animals  artifl<'iallv  immunized  from  Asiatic  cholera  has 
an  a^t]:lutinatinjij  elfoct  upon  fluid  cultures  of  the  cholera 
spi  rill  Hill  similar  t^)  that  seen  when  typhoid  bacilli  are 
mixed  with  s(»rnin  from  typhoid  cases,  or  from  animals 
artiliciallv  imiiiiinizi'<l  from  typhoid  infection  or  intoxi- 
cation.     (Se<^  Aii:«i:lntinin.) 

(Jknkkal  Considkkations. — In  all  cases  of  Asiatic 
cholera,  and  o/////  in  this  disease,  the  orgjinism  just 
d(\scribe(l  can  l)e  <let<»(^t<Ml  in  the  int<'stinal  evacuations. 
The  more  xuwxW  the  ease  and  the  more  promptly  the 
examination  is  made*  after  th(»  evacuations  have  passtKl 
fn>m  the  pati<Mit,  the  less  diiH(.*ulty  will  be  experienced 
in  detecting  the  orjj^iinism. 

In  SOUK*  eases  the  organism  can  be  deteete<l  in  the 
V(muted  matters,  though  by  no  means  so  constantly  as 
in  the  int(»stinal  cont<*nts. 

As  a  rule,  bacteriological  examination  fails  to  reveal 
the  presence  of  the  organisms  in  the  blood  and  internal 
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organs  in  this  disease,  though  Nieati  and  Rietseh  claim 
to  have  obtained  them  from  the  common  bile-duct  in 
rapidly  fatal  cases,  and  in  two  out  of  five  cases  they 
were  present  in  the  gall-bladder.  Doyen  and  Ilasst- 
schewsky  ^  found  them  in  the  liver  in  pure  culture,  and 
Tizzoni  and  Cattani^  in  both  the  blood  and  the  gall- 
bladder. 

The  cholera  spirillum  is  a  facultative  j)arasite ;  that 
is  to  say,  it  apparently  finds  in  certain  parts  of  the 
world,  particularly  in  those  countries  in  which  Asiatic 
cholera  is  endemic,  conditions  that  are  not  entirely  un- 
favorable to  its  development  outside  of  the  body.  This 
has  been  found  to  be  the  case  not  only  by  Koch,  who 
detected  the  presence  of  the  organism  in  water-tanks 
in  India,  but  by  manv  other  observers  who  have  sue- 
ceeded  in  demonstrating  its  growth  under  conditions  not 
embrace<l  in  the  onlinary  methods  employe<l  for  the 
cuhivation  of  baeteria/^ 

Tlie  results  of  exjHTiments  having  for  their  object 
the  (letiTinination  of  the  length  of  time  during  which 
this  organism  may  retain  its  vitality  in  water  are  con- 
spicuous for  their  irn^gularity.  In  the  transactions  of 
the  congress  in  Berlin  for  the  discussion  of  the  cholera 
questi(m,  it  is  stated,  in  connection  with  this  point,  that 
the  experiments  made  with  tank-water  in  India  some- 
times resulttnl  in  demonstrating  the  multiplication  of 
the  orgjinisms  intro<luce<l  into  it,  while  in  other  cases 
they  <lied  very  quickly. 

'  HtfiniKo  to  Vnitrh,  1SH'>.  in  Alljf.  Mid.  (Vntnil  Zeitung,  Berlin. 

^(N'Utnilhlutt  fiir  die  niod.  Wissens<hjiftt'n.  ISHi.  No.  43. 

•'' Obviously  all  patliom'nic   IwictiTia  that   hav<'  In^on   isolat*»d  under 
artiflrial  niotlHKls  of  cultivation  an*  facnUntne  panisiti'S.     Wrrr  they 
otiUffntv   {Kimsitcs   their    cultivation     uiM)n   dead    materials   wouhi    be 
impossihli'. 
27 
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On  February  8,  1884,  comma  bacilli  were  found  in  a 
tank  at  Saheb-Iiegan,  in  Calcutta,  and  it  Avas  possible 
to  demonstrate  tliem  in  a  living  condition  up  to  Feb- 
ruary 23d. 

Koch  states  that  in  ordinary  spring-water  or  well- 
water  the  organisms  retained  their  vitality  for  thirty 
days,  whereas  in  the  canal-water  (sewage)  of  Berlin  they 
died  after  six  or  seven  days;  but  if  this  latter  were 
mixed  with  fajcal  matters,  the  organisms  retained  their 
vitality  for  but  twenty-seven  hours ;  and  in  the  undi- 
luted contents  of  cesspools  it  was  impossible  to  demon- 
strate them  after  twelve  hours.  In  the  ex|>eriments  of 
Nicati  and  Rietsch  they  retained  their  vitality  in  steril- 
ized distilled  water  for  twenty  days :  in  Marseilles  canal- 
water  (sewage),  for  thirty-c»ight  days;  in  sea-water, 
sixty-four  days;  in  harbor- water,  eighty-one  days;  and 
in  bilge-water,  thirty-two  days. 

In  the  experiments  of  Hoehstetter,  ou  the  other  hand, 
they  died  in  distilled  water  in  less  tlian  twenty-four 
hours  in  fiv(*  of  seven  exp<Tinients ;  in  one  of  the  two 
reniiiining  exjHTinients  they  were  alive  after  a  day,  and 
in  the  otluT  nft<T  seven  davs. 

In  one  test  with  the  water-supply  of  IWlin  the 
orgjuiisni  retained  its  vitality  for  207  days,  and  in 
another  for  \\X*1  days,  notwithstan<ling  the  fact  that 
many  other  orgjinisnis  were  pn'sent  at  the  simie  time. 
Then'  is  no  rejuly  explnnation  for  these  variations, 
for  tlu'V  depend  apparently  upon  a  number  of  factors 
which  may  act  singly  or  tog(»tlier.  For  example,  in 
genenil  it  may  be  sjiid  that  the  higher  the  tempera- 
ture of  the  water  in  which  thes<'  organisms  are  present, 
up  to  20°  (\,  the  longer  do  they  retain  their  vitality; 
the  j)urer  the   water — that    is,   the   poorer   in   organic 
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matters — the  more  quickly  do  the  organisms  tlie,  whereas 
the  richer  it  is  in  urgaiiic  matter  tlie  longer  do  they 
retain  their  vitality. 

Still  anotlier  point  that  must  bo  considered  in  this 
connection  is  the  antagonistic  influences  under  which 
they  find  themselves  when  placed  in  water  containing 
large  niimhera  of  organisms  that  are,  so  to  speat<,  at 
home  in  water — theao-called  normal  water-saprophytes. 

The  effect  of  light  upon  growing  bacteria  must  not 
be  lost  sight  of,  for  it  has  been  shown  tluit  a  surprisingly 
large  number  of  these  organisms  are  robbed  of  their 
vitality  by  a  relatively  short  exposure  to  the  rays  of 
tiiG  sun  ;  and  it  is  therefore  not  unlikely  that  the  uon- 
observance  of  this  fact  may  be,  in  part  at  least,  accouat- 
able  fur  some  of  the  discrepancies  that  appear  in  tlie 
results  of  these  experiments. 

In  his  studies  upon  the  behavior  of  pathogenic  and 
other  micro-or^nisms  in  the  soil  C^rl  Frankel'  found 
that  the  cholera  spirillum  was  not  raarke<lly  susceptible 
to  tiiosc  deleterious  influences  that  cause  the  death  of 
a  number  of  uthcr  pathogeni<;  organisms.  During  the 
mnntlis  of  August,  September,  and  October  cultures  of 
the  comma  bacillus  that  had  been  buried  in  the  ground 
at  a  depth  of  three  metres  retained  thoir  vitality ;  on 
the  other  hand,  in  other  months,  particularly  from 
April  to  July,  they  lost  their  vitality  when  buried  to 
the  depth  of  only  two  metres.  At  a  depth  of  one  and 
a  half  metres  vitality  was  not  destroyed,  and  there  was 
a  n^ular  development  in  cultures  so  placed. 

As  a  result  of  experiments  jjcrforniiil  in  the  Imperial 
Health  Bureau  at  Berlin,  it  wus  foimd  that  the  bodies 
of  guinea-pigs  tliat  had  died  of  cholera  induced  by 
'  Zcitoohrift  for  Ej'givuu,  M.  ii.  S.  3^. 
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Koch's  method  of  inoculation  contained  no  living 
cholera  spirilla  when  exhumed  afler  having  been 
buried  for  nineteen  days  in  wooden  boxes,  or  for 
twelve  days  in  zinc  boxes.  In  a  few  that  had  been 
buried  in  moist  earth,  without  having  been  encased  in 
boxes^  when  exhumed  after  two  or  three  months,  the 
results  of  examinations  for  cholera  spirilla  were  like- 
wise n^ative. 

Kitasato/  in  his  experiments  with  the  cholera  organ- 
ism, found  that  when  mixed  with  the  intestinal  evacu- 
ations of  human  beings  under  ordinary  conditions  it 
lost  its  vitality  in  from  a  day  and  a  half  to  three 
days.  If  the  evacuations  were  sterilized  before  the 
cultures  were  mixed  with  them,  the  organisms  retained 
their  vitality  from  twenty  to  twenty-five  days.  He 
was  unable  to  come  to  any  definite  conclusion  as  to  the 
cause  of  these  plienomena. 

It  was  demonstrated  bv  Hesse  ^  and  by  CVIH  *  that 
many  substances  commonly  employed  as  fiwKl-stuffs 
serve  as  favorable  materials  for  the  development  of 
the  cholera  organisms.  In  his  experiments  u|)on  its 
behavior  in  milk  Kitasato  *  found  that  at  a  tenijwrature 
of  36°  C.  the  cholera  spirillum  dev(»I()iK»d  very  rapidly 
during  the  first  three  or  four  hours,  and  outnumbered 
the  other  organisms  commonly  found  in  milk.  They 
then  diminished  in  number  from  hour  to  hour  as  the 
acidity  of  the  milk  increaswl,  until  finally  their  vitality 
was  lost ;  at  the  same  time  the  common  saprophytic 
bacteria  increasc^l  in  number.  Relatively  the  same 
process  occurs  at  a  lower  temperature,  from  22°  to  25° 

>  Zi'itsfhrift  fiir  Hyjricnc,  Bd.  v.  S.  487. 
«  Ibid.,  IW.  V.  S.  527. 

3  BoHotinii  dolla  R.  Acnd.  Mc<l.  di  Roma,  1888. 
*  Zeititchrift  fur  Hygiene,  Bd.  v.  S.  491. 
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C. ;  but  it  is  slower,  tlie  maximutu  (Icvelripment  of  llie 
cLulera  orgnuiama  Iteing  rL-aclied  at  about  the  fifU-onth 
hour,  after  which  time  they  were  outnumbered  by  the 
orfJinary  saprophytes  present. 

From  the  foregoing  it  would  seem  that  the  vitality  of 
the  eholora  spirillum  In  milk  de[H.'nds  largely  upon  the 
reaction :  the  more  quickly  the  milk  i)ecomes  sour  the 
more  quickly  does  the  organism  become  Inert ;  while 
the  longer  the  milk  retains  its  neutral,  or  only  very 
slightly  acid,  reaction,  tlie  lonjier  do  the  cholera  otpin- 
iuma  that  may  be  present  in  it  retain  their  power  of 
multiplication. 

According  to  Laser,'  the  cholera  organism  retains  ita 
vitality  in  butter  for  about  seven  days;  it  is  therefore 
powsihle  for  the  disease  to  be  contracted  by  the  use  of 
butter  that  has  in  any  way  been  in  contact  with  cholera 
material. 

In  regard  to  the  antagonism  between  the  cholera 
spirillum  and  other  orgimiams  i^ntli  which  it  may  come 
in  contact,  the  experiments  of  Kitasato'  led  him  to 
conclude  that  no  organism  has  tieen  found  which, 
when  growing  in  the  same  eulture-niedium  with  it, 
possessed  the  piiwer  of  depriving  it  of  vitality  in'(/im 
<i  shoii  lime.  On  the  other  hand,  the  cxperimentB 
showed  that  there  were  qtiit«  a  number  of  otiier  organ- 
isms the  development  of  which  was  checked,  and  in 
some  cases  their  vitality  was  completely  destroyed, 
when  growing  in  the  same  medium  with  the  cholera 
spirillum. 

From  this  it  would  appear  that  the  disappearance  of 
the  cholera  spirillum  from  mixed  culturea  and  from  the 
evacuations  in  the  short  time  mentioned,  is  due  more 

■  Zeitaclirifl  fiir  Uygicnc  M,  i.  8.  513.  '  Ihid.,  1 
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to  iinfavurablc  nutritive  conditions  tlian  to  the  direct 
action  of  the  otlier  organisniti  present. 

When    completely   dried,   according    to    Koch,   the 
cholera   spirillum   does   not   nitain   its  vitality  loi^r 
than  twenty-fuiir   Lonrs,  but   by  others  its  vitali^  is  i 
stiid  to  be  destroye<l  by  an  atisoliite   drj'ing  of  three 
hours.     In  moist  con<litions,  as  in  artificial  cnltures, 
vitality  may  be  retained  for  many  months ;  though  re- 
peated observations  lead  us  to  believe  that  under  these 
circumstances  virulence  is  diminished.      Aix:ording  to   I 
Kitasato,'  they  retain  their  vitality  when  smeared  upon 
thin  glass  cover-slips  and  kept  in  the  moist  chamber   , 
for  from  85  to  100  days,  and  for  as  long  ns  200  days 
when  (lpposit«(l  iipm  bits  of  t^ilk  thread. 

In  the  course  of  his  studios  upon  the  persistency  of 
patiiogenic  micro-oipinisms  in  the  dead  body  vod 
Esmarch  *  found  that  when  the  cadaver  of  a  guinea- 
pig  dead  after  the  introduction  of  cholera  organisms 
into  the  stomach  was  immersed  in  water  until  decom- 
position set  in,  after  elcwn  days,  when  detrompoitt-  ' 
tion  was  far  advanced,  it  was  impossible  to  find  any 
living  cholera  spirilla  liy  the  onlinary  plate  methodfl. 

A  similar  experiment  resultwi  in  their  disappearance 
in  five  days.  In  another  experiment,  in  which  de- 
composition was  allowed  to  go  on  without  the  animal 
being  iminerse<l  in  water,  none  could  be  detected  after 
the  fifth  day. 

Carl  FrSnkeP  has  shown  that  an  atmop|ihero  of  car- 
Ijonic  acid  i,s  directly  inhibitory  to  the  development  of 
the  cholera  spirillum,  and  Percy  Frankland'  states  tl 
in  an  atmosphere  of  this  gas  it  dies  in  about  eight  days. 


'  ZcibvUrift  fiir  HyKicoe,  Dd.  t.  9.  134. 
»  Ibid..  Bd.  V.  8.  3S1. 


'  IbiJ..  Bd-  vi.  a  la 
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Id  an  attuusplierc  of  carbon  monoxide  its  vitality  is  loBt 
in  nine  days,  and  in  general  the  same  may  be  said  for  it 
when  exposed  tii  an  atmosphere  of  nitrous  oxide  gas. 

From  what  hus  been  said,  we  see  that  the  t«pirilhim 
of  Asiatic  cholera,  while  poggeeeing  the  power  of  pro- 
ducing in  human  beings  one  of  the  most  rapidly  fatal 
diseases  with  which  we  are  acquainted,  is  still  one  of  the 
least  resistant  of  the  pathogenic  organisms  known  to  us. 
Under  conditions  moat  favorable  to  its  growth  its  de- 
velopment is  self-liniitt'd ;  it  is  markedly  susceptible  to 
Bcifls,  alkalies,  other  chemical  disinfectants,  and  heat ; 
but  when  partly  dried  upon  clothing,  food,  or  otiier 
objects,  it  may  retain  its  vitality  for  a  relatively  long 
period  of  time,  aud  it  is  more  than  probable  tliat  in  this 
way  the  disease  is  often  disseminated  from  points  in 
which  it  is  epidemic  or  endemic  into  localities  tliat  are 
free  from  it. 


THE    DIAQSJOSIS    OP    ASIATIC    CHOLERA    BY    BACTERIO- 
IXMJICAI.    METHODS. 

Because  of  the  manifold  channels  that  arc  open  for 
the  dissemination  of  this  disease  it  is  of  the  utmost 
importance  that  it  should  be  recognized  as  <]uiekly 
as  possible,  for  with  every  moment  of  delay  in  its 
recognition  opportunities  for  its  spread  multiply.  It 
is  essential,  therefore,  when  employing  bacteriological 
means  for  making  the  diagnosis,  to  bear  In  mind  those 
biological  and  morphological  fejitiires  of  the  organism 
that  appear  most  (jniekly  under  artificial  methods  of 
cultivation,  and  wliieh,  at  the  same  time,  may  be  con- 
sidered as  characteristic  of  it,  viz.,  its  peculiar  mor- 
phology and  grouping ;  the  much  greater  mpidity  of  its 
growth  over  that  of  other  bacteria  with  which  it  may 
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Iw  atjsociated ;  the  i'barai;UTi.«ti(r  up|>caranc«  of  its  col- 
ijnies  un  gelatJD  plates  an<]  <*f  it$  };rowth  in  etali-culttires 
in  gelatin  ;  iti<  pmpcrty  of  producing  indol  and  o^iori- 
ilfiitiy  nitrites  in  from  »\x  to  eight  hours  in  peptone 
MultitiuQ  at  37°  to  38°  C. ;  und  ita  power  of  causing  the 
d««ilh.  of  guinc?n-pigg  in  from  sixteen  to  twenty-foiir 
hours  when  intrcKliteed  into  the  peritoneal  eavity,  death 
being  preceded  hy  symptoms  of  extreme  toxtemia,  char- 
acterized by  prostration  and  gradnat  and  continuous 
fall  iu  the  tempi-mture  of  the  animal's  body. 

In  1893  Koch'  called  attention  to  a  plan  of  pro- 
cedure tliat  comprehends  tlie  pointB  ju>it  enunienittKl. 
By  it«  employment  the  diagnosis  can  be  established  in 
the  majority  of  cases  of  j;\siatic  cholera  in  from  eighteen 
to  twenty-two  hours.  In  general,  the  steps  to  be  taken 
and  points  to  he  borne  in  mind  are  as  follows:  the 
evaeiiations  shnidd  be  examined  an  soon  a»  ponaibU 
after  they  have  been  passed. 

MiCB08C"0Pic  EsAHiSATios. — 1.  From  one  of  the 
small  slimy  particles  M>en  in  the  semi-flui<l  evaeuations 
prepare  a  eover-rilip  preimration  in  the  ordinary  way 
and  stain  it.  If,  upon  microscopic  examination,  only 
curved  rkIs,  or  curve<l  nxls  greatly  in  excess  of  all 
other  forms,  arc  present,  the  diagnosis  of  Asiatic  cholera 
is  wore  than  likely  correct ;  and  particularly  is  this  true 
if  these  orpinisma  are  arranged  in  irregidar  linear 
groups  with  the  long  axes  of  all  the  rods  pointing  in 
ni-arly  the  same  direction — that  is  to  say,  somewhat  as 
minnows  arrange  tliemselves  when  swimming  up  stream 
in  schools.     (Koch.) 

In  1886  Weiflser  and  Frank*  exprei'scd  their  opinion 

■  TeitMtirift  rOr  Ufjtiena  niid  lunkUonsklelUQ,  1803,  Bd.  liv.aSlS. 
'Ibid.,  ISaO,  Bd,  L  B.  S79. 
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upon  the  value  of  microscopic  exaniinatioii  in  tliese  cases 
an  follows : 

n.  lu  the  majority  of  cases  niicn>scopic  examinatioD 
is  sufRt'ii'iit  for  the  detection  of  tlie  presence  of  the 
comma  bacillus  iu  the  intestinal  evacuations  of  cholera 
jKitients. 

6.  Even  in  the  most  acute  cases,  running  a  verj-  rapid 
course,  the  comma  bacillus  can  always  be  found  in  the 
evacuations. 

e.  In  general,  the  number  of  cholera  Hpirilla  present 
is  greater  the  earlier  death  occurs;  when  death  is  de- 
layed, and  the  disease  continues  for  a  long  period, 
their  number  is  diminislied. 

d.  Should  the  piitiGnt  not  die  of  pholoni,  but  of  some 
other  disease,  such  as  typhoid  fever,  that  may  be  en- 
grafted upon  it,  comma  bacilli  may  disappear  entirely 
from  the  intestines. 

2.  From  another  slimy  flake  prepare  a  set  of  gelatin 
plates.  ExiMJse  thorn  to  a  tcmiHsrature  of  from  20°  to 
22°  C,  and  after  sixteen,  twenty-two,  and  thirty-sii 
hour«  observe  the  appearance  of  the  colonies.  Usually 
after  about  twenty-two  hours  the  colonies  of  this  organ- 
ism can  easily  be  identilied  by  one  familiar  with  them. 

3.  With  another  slimy  flake  start  a  culture  in  a  tube 
of  peptone  solution— either  the  solution  of  Dunham 
or,  as  Koch  proposes,  a  solution  of  double  the  strength 
of  that  of  Dunham  (Witte's  peptone  is  to  be  used,  as  it 
gives  the  best  and  most  constant  results).  Keep  tliis  at 
from  37°  to  38°  C,  and  at  the  end  of  from  six  to  eight 
hours  prepare  cover-slips  from  the  iipprr  fayvrs  (without 
simkiug)  and  examine  them  microscopically.  If  comma 
bacilli  were  present  in  the  original  material,  and  are 
capable  of  multiplication,  they  will  be  iuund  in  this  local- 
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ity  in  aliuast  pure  culture.  Aiter  the  microscopic  exami- 
nation  prepare  a  second  peptone  culture  from  the  npper 
layert  of  the  one  just  examined,  also  a  set  of  gelatin 
plates,  and  with  what  remains  make  tlie  test  for  indol 
by  ti.e  addition  of  10  ilrops  of  concentrate<l  sulphnric 
a<!id  for  each  10  c.c,  of  fluid  contained  iu  tlie  tube.  If 
comma  bacilli  are  growing  in  the  tube,  the  rose  color 
characteristic  of  the  presence  of  indol  should  appear. 

By  following  tliis  plau  "  a  iKieteriolugist  who  ia 
familiar  with  the  muqihological  and  biolt^cal  peculi- 
arities of  this  oi^nism  eliould  make  a  more  than  prob- 
able diagnof«is  at  once  by  microscopic  examination  alone, 
and  a  posiiiee  diagnosis  in  from  twenty  to,  at  most, 
twnnty-four  hours  after  beginning  the  eiamlnatioo." 

Tn  certain  doubtfid  cases  the  ot^ntsms  are  present  in 
the  intestinal  canal  in  vcr^-  small  numbers,  and  micnv 
scopic  examination  is  not,  therefore,  of  so  much  assist- 
ance. In  these  cases  plates  of  agar-agar,  of  gelatin, 
and  cultures  in  the  peptone  solution  should  be  made. 

The  plates  of  agur-agnr  should  not  be  prepared  m 
the  usual  way,  bnt  the  agar-agar  shoidd  l>e  poured  into-  i 
Petri  disiies  and  allowed  to  solidify,  after  which  one  of  I 
the   slimy  particles  raay  lie  smeared  over  its  surface,  j 
The  comma  bacillus,  being  markedly  aerobic,  de>'eIopft  , 
very  much  more  readily  when  its  colonies  arc  located   ' 
np«m  the  surface  then  when  in  the  depths  of  the  nn 
ium.     A  point  to  which  Koch  calls  attention,  in  ct 
nection  with  this  step  in  manipulation,  is  the  neceasi^  1 
of   having   the    surface   of   the   ngar-ngar   free   from 
the  water  squeezed   fr<)m  it  when  it  solidifies,-  as  the 
presence  of  the  water  inteifen's  with  the  development 
of  the  colonies  at  isolated  points  and  causes  them  to 
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become  conflticnt.  To  obviate  this  he  recontiDendB  that 
tlio  ugar-agar  be  poured  into  the  plates  and  the  water 
allowed  to  separate  from  the  surface  at  the  temperature 
of  the  incubator  before  they  are  used.  It  ts  wise,  there- 
fore, when  one  is  liable  to  be  called  on  for  such  work 
as  this,  to  keep  a  number  of  sterllizeil  plat<!s  of  agar- 
agar  in  the  iucultator  ready  for  use,  just  as  sterilized 
bcbfn  of  the  media  are  always  ready  at  hand.  The 
ativantage  of  using  the  agar  plates  is  the  higher  tem- 
perature at  which  they  can  be  kept,  and  consequently 
a  more  favorable  ctmdition  for  the  development  of  the 
colonies. 

As  roon  as  isolated  colonies  appear  they  should 
bo  examined  mierospopicully  for  tlie  presence  of  bac- 
teria having  the  morphologj-  of  the  one  we  are  seek- 
ing, and  as  soon  as  such  is  detected  gelatin  plates 
and  cultures  in  peptone  solution  (for  the  indol  reac- 
tion) should  be  made.  The  peptone  culture  from  the 
original  material  should  be  examined  microscopically 
from  hour  to  hour  after  the  sixth  hour  that  it  has 
been  in  th*}  inculjator.  The  material  taken  for  ex- 
amination should  always  eome  from  war  the  euiface 
of  the  fluid,  and  care  should  be  taken  not  to  shake 
the  tube.  As  soon  as  comma  bacilli  are  detected  in 
considerable  numbers  in  the  u]>per  layers  of  the 
fluid  agar-agar  platen  and  frcsli  (H'ptime  eidtures 
should  be  made  from  them.  In  from  ten  to  twelve 
hours  at  37"  C.  the  colonies  will  develop  ou  the  agiir- 
agar  plates  to  a  size  sufficient  for  rfccognition  by  micro- 
scopic examination,  and  from  this  examination  an 
opinion  can  usually  be  formed.  This  opinion  should 
always  be  controlled  by  eidtures  in  the  peptone  ailution 
made  from  each  of  several  single  colonies,  and  finally 
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the  test  for  the  presence  or  absence  of  indol  in  these 
cultures  should  be  made. 

In  all  doubtful  cases,  in  which  only  a  few  curved 
bacilli  are  present,  or  in  which  irregularities  in  either 
the  rate  or  mode  of  their  development  occur,  pure  cult- 
ures should  be  obtained  as  soon  as  possible  by  the  agar- 
agar  plate  method  and  by  tlie  method  of  cultivation  in 
peptone  solution,  and  their  virulence  t(?sted  upon  ani- 
mals. For  this  purpose  cultures  upon  agar-agar  from 
single  colonies  must  be  made.  From  the  surface  of 
one  of  such  cultures  a  large  wire-loopful  should  be 
scrapetl  and  broken  up  in  about  one  cubic  centimetre 
of  bouillon,  and  the  suspension  thus  made  injected 
by  means  of  a  hyjxxlermic^  syringe  directly  into  the 
peritoneal  cuvity  of  a  guinea-pig  of  about  350  to 
400  grammes  weight.  For  hirger  animals  more  mate- 
rial is  used.  If  the  material  injected  is  from  a 
fresh  culture  of  the  cliolem  orgjuiism,  toxic  symp- 
toms at  once  appear;  these  have  their  most  pro- 
nounced expression  in  deprc^ssion  of  temperature,  and 
if  one  follows  tliis  decline  in  ti^mperature  from  time  to 
time  with  the  thermometer  it  will  be  seen  to  be  gradual 
and  continuous  from  the  time  of  injection  to  the  death 
of  the  animal  (Pfciffer^,  which  occurs  in  from  eighteen 
to  twenty-four  hours  after  the  operation. 

In  general,  this  ?s  the  procedure  employed  in  the  In- 
stitute for  Infectious  Diseases  at  Berlin,  under  Koch's 
direction. 

*  Loc.  <'it. 


CHAPTER    XXIII. 

Spirilla  oF  interest,  historically  and  uthenrise,  tliat  tiave  been  can- 
foundud  with  the  spirillum  or  Asiatic  cholera— Their  pepiiliaritiM 
oud  diffuri'uUal  fuututes— Fiftrio  prototw.  or  bacillus  of  Flakier  and 
Prior— SpirtUum  (ynMirauw,  or  cheese  Bpirillum  of  Doneke — Tbo 
Bpirillum  of  Miller— F^riu  Metdntikini. 

VIBRin    PROTEL7S    (fINKLER- PRIOR    BACILLUS). 

FiNKi.ER  AND  Prior  were  the  first  toquestion  experi- 
mentally the  signifioance  of  the  presence  ol"  Kuch'e 
comma  bacillus  in  Asiatic  cholera,  claiming  to  have 
found  it  in  the  dejections  of  individuals  suffering  from 
other  maladies,  partioularly  clwlera  nostras.  The  mor- 
phological and  biological  differences  between  the  or- 
ganism that  Finklcr  and  Prior  discovered  and  the 
comma  bacillus  describe*!  by  Koch,  arc,  however,  so 
pn)nouiR^ed  as  to  warrant  the  opinion  that  the  confusion 
arose  through  imperfect  and  ini trust  worthy  methods  of 
ex |)eri mentation.  Swb.scquently  Finkler  an<l  Prior  re- 
traefcd  their  claims  of  identity  for  the  two  organisms, 
and  held  that  the  bacterium  with  which  they  were  deal- 
ing was  peculiar  to  ckoleiu  nostras — an  opinion  which, 
in  the  light  of  later  work,  was  also  proved  to  be  with- 
out foundation. 

The  characteristics  of  the  spirillum  of  Finkler  and 
Prior  are  as  follows : 

MuRPHoi,ooY. — It  is  thicker  and  longer  than  the 
Bpintlum  of  Asiatic  cholera ;  it  is  often  thicker  at  the 
middle  than  at  the  poles;  it  forms,  like  the  "comma 
bacillus,"  screw-like,  twisted  threads.     (Fig.  77.) 
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It  is  supplied  with  a  single  flagellum  at  one  of  its 
ends,  and  is  therefore  motile. 


FlQ.  77. 

'~',^ 

F8&rio  proteM  (Flnkler-Prior  bacillus),  from  culture  on  agar-agar  twenty- 
four  hours  old. 

It,  like  the  comma  bacillus,  readily  undergoes  degen- 
erative changes  under  conditions  unfavorable  to  growth, 
and  presents  the  variety  of  shapes  grouj)ed  under  the 
head  "  involution-forms."  According  to  Buchncr,  this 
is  especially  the  case  when  the  me<lium  in  which  they 
are  growing  contains  glucose  (5  per  cent.)  or  glycerin 
(2  j)cr  cent.). 

CuLTUiiAL  Peculiarities. — On  (fclatin  plates  the 
development  of  its  colonies  is  far  more  rapid,  and  lique- 
faction far  more  extensive,  than  in  the  case  of  the 
cholera  spirillum.  After  twenty-two  to  twenty-four 
hours  in  this  medium  at  20°  to  22°  C.  the  average  size  of 
the  colonies  is  about  double*  that  of  the  comma  bacillus. 
The  colonies  are  darker  and  denser,  and  do  not  pre- 
sent under  a  low-power  lens  the  same  degree  of  granula- 
tion and  subsequent  lobulation,  and  they  do  not  become 
serrated  or  scalloped  around  the  mnrgin,  as  is  the  case 
with  Koch's  organism.  After  twenty-two  to  twenty- 
four  hours  they  are  usually  nearly  round,  regularly 
granular,  and  more  or  less  sharply  defined.  (See  Fig. 
78,  a,)  At  times  they  may  show  indefinite  markings 
or  creases,  somewhat  suggestive  of  lobulations.     After 
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forty-eight  hours  on  gtlatin  tliey  usually  rauge  from 
one  to  three  millimetres  (some  even  lai^r)  in  diiimetcr, 
and  apiiear  as  sharply  cut,  saucer- shaped  pits  of  lique- 
faction, in  the  most  dependent  portion  of  which  lies 
a  dense,  irrq^ular  mass,  the  colony  proper.  Under  a 
low  magnifying  po\ver  they  present  at  this  stage  an  ap- 
pearance similar  to  that  shown  in  Fig,  78,  6,  the  central 
dense  mass  representing  the  colony,  and  the  irregular, 
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ragged  lines  surronnding  it  being  shreds  that  have  be- 
come toni  away  as  it  sank  into  the  liquid  caused  by  its 
growth.  The  zone  surrounding  it,  extending  to  the 
periphery,  is  somewhat  clondy,  and  is  simply  liquefied 
gelatin.  There  is  a  marked  tentlency  for  the  liquefac- 
tion to  spread  laterally  and  for  the  colonies  to  run 
together,  so  tliat,  even  on  plates  containing  few  colonies, 
in  sixty  tn  seventy-two  houru  at  fnnn  20°  to  22"  C,  the 
entire  gelatin  is  usually  converted  into  a  yellowish- 
white  fluid.  Under  these  conditions  growth  is  ac- 
companied by  a,  marked  aromatic  odor,  impossible  to 
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describe;  this  ii*  especially  the  case  when  liquefaction 


8talM!UltUrcof  tl: 


Ipr-rrior  bacillns  In  Rclntl 
b.  KtlKt  fiirty-elghl  li>iu 
,    If.  After  uIiit;iy«U  huo 


In  sfab-oultureg  in  gelatin  at  the  room-t«inperatare, 
liquefaction  is  noticed  about  the  upper  part  of  the 
needle-track  in  twenty-four  hours;  this  gradually  in- 
creases, until  at  the  expiration  of  two  or  three  < 
the  entire  upper  portion  of  the  gelatin  has 
converted  into  a  cloudy  Huid,  whereas  at  the  Iw 
part  of  the  winal  the  liquefaction  progresses  less  rap>'J 
idly,  but  is  still  much  more  marked  than  that  seen  a 
jsult  of  the  growth  of  Koch's  spirilluni.     Indeec 


[ 


VIBRIO  PROTEUS. 


433 


under  those  L-ircii instances  there  is  no  similarity  what^ 
ever  between  tlie  growth  of  the  two  organisms.  (Sec 
'I,  b,  c,  il,  Fig,  79,  aiid  comjrare  them  with  corresjwnd- 
ing  cuts  in  Fig.  7(>.) 

Ragged,  more  or  lees  dense  masses,  fragments  of  the 
coUiiiy  proper,  are  usually  seen  scattered  through  the 
cloudy  liquefied  gelatin. 

On  nutrient  agar-agar  there  is  nothing  particularly 
cliaractcristio  about  its  growth,  appearing  only  as  a 
moist,  grayish  or  yellowish-gray  deposit. 

On  potato  a  pale,  yellowish-gray  deposit  appears ; 
aft^^r  forty-eight  to  seventy-two  hours  this  becomes 
moist,  glazed,  and  marked  by  lobulations,  and  sur- 
niiinded  by  an  irregulup,  eolorlpss  znne  of  growth 
that  is  much  less  moist  than  that  forming  tlie  central 
area.  It  grows  well  on  jwtato  at  ordinary  room-t«ra- 
perature. 

It  causws  liquefaction  of  solidified  blood-serum  and 
of  coaguliited  e^-albumin. 

In  milk  to  which  neutral  litmus  tincture  has  been 
added  the  blue  color  assumes  a  pink  tinge  in  from  two 
to  three  days  at  37°  to  38°  C. 

It  do<?s  not  form  indol. 

It  does  not  cau.so  fermentation  of  glucose. 

In  peptone  solution  containing  rosolie  acid  the  color 
is  somewhat  deepened  after  four  or  five  days  at  37"  C. 

KxpEKisiENTS  UPON  Animaij^. — The  Ordinary  meth- 
ods of  inoculation  show  this  oi^nism  to  Iw  wilhnut 
pathogenic  properties.  Injections,  snl)entaneone  and 
intravascular  and  directly  into  the  stomach,  give  nega- 
tive results.  When  introduced  into  the  stomach  of 
guinea-pigs  by  the  mf'tho<l  eniplnyod  by  Koch  in  his 
cholera  experiments,  Fiukler  and  Prior  had  3  out  of 
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10  aiiimalii,  and  K<)ch  5  ont  of  IS  animals  so  treated 
to  (lie. 

In  1885,  1886,  and  1887  Franck'  examined  seven 
cases  tliat  eliiiically  proseuted  the  eonditton  uf  cholera 
noHtras  ;  iu  Qone  of  these  seven  eases  was  the  organism 
of  Finkler  and  Prior,  which  they  claimed  to  be  the 
cause  of  the  disease,  found.  In  all  cases  the  results  of 
batstcriological  examination,  in  so  far  as  the  constant 
presence  of  an  organism  that  might  stand  in  causal 
relation  to  the  disease  was  concerufd,  were  negative. 
Only  tlie  ordinary  intestinal  bacteria  were  detected. 

SPIRILLUM    TYKOGESCM    (CHEESE    8PIRILLDM    OF 

DEN  eke). 

Another  spiral  form,  likewise  forming  short,  comma'- 
shaped  segments  in  the  course  of  its  growth  (Fig.  80), 
is  that  found  by  Deneke  in  old  cheese.  It  Js  a  little 
smaller  than  Koch's  spirillum.  It  is  mottle  and  has 
but  a  single  flagellum,  attached  tu  one  of  it»  ends.  It 
liquefies  gelatin  more  rapidly  than  does  Koch's  organ- 
ism. It  possesses  uo  charaettristic  grouping,  as  can  be 
seen  in  impression  cover-slips  of  its  colonics.  It  does 
nut  form  spores.  On  gelatin  plates  it«  colonies  develop 
verv'  rapidly  as  saucer-shaped  depressions ;  after  twenty- 
four  hours  they  vary  from  1  to  4  mm.  in  transverse 
diameter.  To  the  naked  eye  they  are  almost  trans- 
parent, and  are  usually  marked  by  a  denser  centre  and 
peripheral  zone,  the  apace  between  being  quite  clear. 
They  are  not  reguLirly  round  in  all  cases.  A  peotiliar 
aromatic  odor  accompanies  their  growth  on  geladn. 
Under  low  magnifying  power  the  smallest  colonies  are 
irregularly  round  in  outline,  their  I>onlers  being  oftea 
'  ZeiUcbrin  ffir  Uyfiiaiie,  18SA,  Baud  iv.  S.  'XIJ. 
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L rough  and  lirokon,  and  tlie  Ixxlj-  of  the  colony  is  ft'e- 
qut'ntiy  marked  by  cn'oses  or  ridges  that  give  it  a 
liiLiulated  uppearance.     The  larger  colonies  iindur  the 


SrililLLUM   TynOnENUM. 


'l^ 


I 


same  lens  appear  as  gruimiar  patehes,  a  little  denser  at 
tlie  periphery  and  ccutn'  than  sit  the  int«rniediato  por- 
tiona.     The   periphery  gradiiully  fitdea   away  and   no 


Qa\aa's  of  •pfrfQun  tgrogeaini  nn  gelatin  twenty-lbnr  boon  old. 


distinct  circumference  can  bo  made  out.  (See  Fig.  81.) 
The  eoloniei  of  an  intermediate  size,  about  which  lique- 
faction isjuit  beginning  tn  be  apparent,  show  a  dense 
granular  centre,  the  colonv  itself,  and  ronnd  about  it 
a  delicate,  granular  developmental  zone. 

In  stab-cultures  in  gelatin  liqiiefattion  is  rapid,  caus- 
ing at  the  endof  twtntj  four  hours  a  cup-shaped  depres- 
sion at  the  top  of  the  needle-tmck,  the  Hiiperlicial  area 
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of  wliicli  IB  ahotit  Iialf  that  of  the  gelntiD  in  the  tube. 
(Fig.  82,  a.)  The  liqiiofyiug  process  spreads  laterally, 
and  at  the  end  of  forty-eight  htmrs  the  whole  upper 
portion  of  the  gelatin  may  have  become  liqnid.  (Fig- 
Si,  6.)     This  proeess  continues  along  the  track  of  the 


BtalHuttiire of  benehe-a  ehoesi-  splrllliini  in  m-Utln,  UVfiUiVf  C. 

a.  Alter twpnly-foiir  hour*.   6.  Aftcrriirry-PlKW  houra.   *,  ABrr»eT(Milr-(*o 
hoan.    d.  Alter  DlMptj'-ali  huun. 


needle,  and  after  seventy-two  and  nincty-eix  liours  the 
appcarauees  shown  in  Fig.  82,  c  and  </,  will  be  pn>ilnced. 

There  is  nothing  particularly  eharacterletie  about  its 
growth  upon  agar-agar. 

On  potato  a  moist,  glazed,  yellowish,  and,  at  jKiints, 
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browuiah -yellow  jrrowth  ap]H?are  that  is  surroundtHl  by  a 
drier,  colurk'ss  zone.     It  is  uot  lobulattKl. 

In  milk  containing;  neutral  litmus  tincture  a  pink  color 
appearu  after  two  to  three  <lays  at  37°  C ;  afkr  four 
days  the  milk  is  almost  decolorized  and  cuugulation  of 
the  casein  is  beginning,  with  a  layer  of  clear  wliey  above 
it.  During  the  aidisequent  twenty-four  Iioiirs  complete 
separation  of  the  contents  of  the  tube  into  clot  and  whey 
takes  place. 

In  Dunham's  peptone  solution  it  does  not  form  indol, 
and  tlie  reaction  for  this  body  docs  not  apjMsir  with 
either  sulphuric  acid  alone  or  plus  siMlium  nitrite. 

It  causes  liquefaction  of  both  coagulated  blood-serum 
and  c^-albnmin. 

There  is  no  pellicle  formed  as  a  result  of  its  growth 
in  bouillon. 

It  does  not  produce  fermentation  of  glucose. 
In  roaollc-acid-peptone  solution  its  growth  causes  in- 
tensification of  the  red  color  in  four  or  five  days  at 
37°  C. 

By  Koch's  method  of  iutriMlucing  cultures  into  the 
sfoniacli  of  a  guinea-pig  this  orgjinism  produced  the 
death  of  three  out  of  fitVecn  aniniaU  exi>erimented  upon 
— the  deaths  being  due  most  probably  to  the  t*ixic  action 
of  the  produet-i  of  growth  that  were  introduced  with  the 
organisms  rather  than  to  any  pathogenic  powers  possessed 
by  the  oiganism  itself. 

MIIJ.BR's   SPIRILI.UM. 

Another  spirillum  that  has  been  likened  U\  that  of 
Ktwh  is  the  one  obtained  by  Miller  from  a  cirious  tooth. 
It  has  so  many  characteristics  in  common  with  the  or- 
ganism of  Fiiikler  and  Prior  that  Miller  was  inclined 
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to  roDflMer  them  identical.      In  morphologj  tbe^  are 
imliirtinguishable.     (See  Fig.  83.)     It  grows  rapidlj, 


Spirillum  of  Miller.    From  •gmr-rngmr  cnltare  Iwenty-fimr  houn  old. 

uid,  like  the  spirillum  of  Finkler  and  Prior,  causes 
rapid  liq  111- fact  ion  of  gelatin,  with  the  coincident  pro- 
duction of  :i  peculiur  aromatic  odor. 

The  eolonicy  on  gelatin  plates  appear  after  twentj-- 
foiir  hours  as  small,  tninsjiarent  pits  of  liipiLfactioD,  in 
the  cintrc  of  which  can  i>o  seen  a  niinnte  white  point, 
the  colony  itself.  T'nder  a  low  h-n:*  the  laiyost  of  these 
p<iint^  an'  uniformly  granular  and  nunlarly  round, 
an<l,  a,s  a  nile,  are  snrroiindwl  liy  a  [HTiplieral  zone  a 
little  darker  than  the  central  jutrtion  of  the  colony. 
The  circumference  in  delicately  friugi-*]  with  short,  eilia- 
like  |>n)Ionfrations  of  growth  which  an-  not,  as  a  nile, 
straight,  hut  arc  twisted  in  all  directions  and  can  only 
be  det<'cted  iijion  very  carcfid  examination.  (See  n, 
P'ig.  84.)  \Vhen  located  deep  in  the  gelatin  the  eohmies 
an:  round,  .sharply  eircumserilKil,  of  a  p:ile  yellowish  or 
grcenisli-yellow  color,  and  mark<il  liy  vit\-  ilelicate  irrop- 
tilar  lincH  or  ridges.  Al>er  fiirty-ei^'ht  houi>*  the  plate 
oontainlng  many  colonies  is  entirely  lii|uetied,  while  that 
containing  only  a  few  sIkjws  the  pn'sence  of  round, 
sharply-ciit,  shallow  pits  of  liijucfactioii  that  mca.'^urc 
fiiKD  2  to  10  mm.  in  diami^ter.    They  are  a  little  deaser 
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at  the  centre  than  ut  the  penphen ,  und  the  dense  ceutre 
is  not  sharply  tircumscnbed,  but  fades  ofi  inl«  what  has 
the  appearance  of  a  delicate  film     (bee  6,  Fig.  84.)    As 


© 


the  colonies  become  older  they  are  sometimes  marked 
by  irregular  nulii  extending  from  peri[ilicry  to  centre, 
like  the  spokea  of  a  wheel. 

In  stab-ciiltiirea  in  gelatin  it  rapidly  produces  lique- 
faction, both  at  the  surface  and  along  the  neetlle- track, 
and  in  most  rcsjyccte  pives  rific  to  a  condition  very  like 
that  resulting  from  the  growth  of  Finkler  and  Prior's 
spirillum,  though  differing  from  it  in  certain  details. 
(See  a,  b,  c,  d,  Fig.  85.) 

On  agar-agar  nothing  of  six*ial  intercut  appears  as  a 
result  of  its  development. 

On  potato  ite  growth  is  very  like  that  of  the  cholera 
spirillum,  viz.,  it  appears  at  .37°  C.  as  a  drj,  white  patj?h 
that  lies  quite  flat  upon  the  surface  and  can  often  only 
be  seen  wlien  the  tube  ib  held  to  t!ie  light  at  a  [mrticu- 
lur  angle. 

Its  growth  in  bouillon  is  not  characteristic.  It  does 
not  form  a  pellicle. 

It  causes  liquefaction  of  both  coagulated  blood-serum 
and  egg-albumin. 
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It  does  not  produce  iiidol. 

It  Aiwa  lint  cause  fi-rmentation  of  glucose. 

It  is  nnn-motile. 

In  milk  coutaining  blue   litmus   tincture   it  cau 
almost  complete  decolorization  in  frnni   three   to  four 
days   at  37**  C,  with   coincident  coagulation   of  the  I 


I    ... 

^^        ukc 
^^     tioi 


'«  (plrillum  in  schiUti.  al  18'  k>  al**  C. 
AIYcr  fiirt^'elKlit  hniin.    r.  AltvrMTtnt 
After  iiliii'Iyilx  lioun. 


i    tlic   (immitiim   ui'  :i  liiyor  i.t"  dear  whey  i 
ulioiit  it. 

It  causes  the  roil  color  of  rosolic-ai-id-|H']>tiiiie  boIu- 
tion  to  bifoini'  irotncwhat  inteusifled  aflcr  four  or  five 
hours  at  37°  C. 


f 


VIBRIO  METCHNTKOVI. 


Of  twenty-ono  aniQiiib  treated  witli  tliis  urg-jnism  by 
Koch's  method  of  inooulatiou  unly  four  died. 


VIBRIO   MBTCUNIKOVI. 


The  spirillum  that  simulates  very  clos<tIy  the  comma 
bucillus  of  cholera  in  its  murphologicul  and  cultural 
peculiarities,  but  which  is  still  easily  diating^uished  fnmi 
it,  iri  tliat  described  by  Garaaleiu'  under  the  name  of 


VlMo  HttchnikiM  tv 


e,  Iwenly-rour  hour*  old. 


vibrio  Metchnikovi.  It  wits  found  pout  morlmi  in  n  niini- 
bcr  of  fowls  that  had  died  in  the  |x>ul  try-market  of 
Odessa,  and  the  experiments  of  the  discoverer  led  him 
to  believe  that  it  was  related  etiolt^ieally  to  the  gastro- 
enteritis from  which  the  ehJekons  Imd  been  siiffering. 

Morphol epical ly  it  appears  lis  short,  curved  rods  and  as 
longer,  spiral-like  filaments.  It  is  usually  thicker  than 
Koch's  spirillum  and  is  at  times  miirh  longer,  while 
again  it  is  seen  to  be  shorter.  It  is  usually  more  dis- 
tinctly curved  than  the  "comma  bacillus."     (Fig,  86.) 

It  is  supplied  with  a  single  flagelluni  at  one  of  its 
extremities,  and  is  therefore  motile. 

It  dde-s  not  form  spores. 

It  is  aerobic. 

Its  growth  upon  gelatin  plates  is  usually  character- 
'  Anaales  de  I'lnatitut  I>aateur,  1888,  tome  ii.,  pp.  4B2,  5BS. 
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ized,  acconUng  to  Pfeiffer,  by  ibe  apjiearance  of  two 
kindis  of  liquefying  colonieii,  one  strikingly  like  tlioe<,* 
of  the  Finkler-Prior  organit^m,  the  other  ver^-  eiaiilur 
to  thoHc  produced  Ity  Koch's  coninia  bacillus,  though  in 
both  caiies  the  liquefaction  resulliug  from  tlie  growtli  of 
this  organism  ia  more  energetic  than  that  common  to 
the  Bpirillura  of  Asiatic  cholera.  After  from  twenty- 
four  to  thirty  hours  the  medium-size  colonies,  when 
examined  under  a  low  power  of  the  niicro^ope,  show  a 
yellowish-browu,  ragged  central  maws  purrounded  by  a 
zone  of  liquefaction  that  is  marked  by  a  border  of  deli- 
cate radii.     (Fig.  87.) 


(o  HetelntlkiM  In  gelatin,  liter  Iblrtj-  houra  it  20"  lo  K"  C. 


In  gelatin  stab-cultures  the  growth  has  much  the 
same  general  appearance  as  that  of  tlie  cholera  spiril- 
lum, but  is  exaj^rated  in  degree.  The  liquefaction 
is  far  more  rapid,  and  the  characteristic  apj>earance 
of  the  growth  is  lost  in  from  three  to  four  days. 
(Sec  a,  b,  e,  </,  Fif;.  88.)  Development  and  liquefaction 
along  the  dce]HT  parts  of  the  needle-track  are  much 
more  pronounced  than  is  the  case  with  the  "comma 
iHicilluB," 

Ilw  growth  on  !ignr-agar  is  rapid;  after  twenty-four 
to  forty-eight  ln>urfi  a  grnyii^h  deposit  njipears,  which  ha:* 
a  t4>ndency  to  become  yellowish  with  agi', 

■  iintnto  at  ^(7°  C.  its  growth  is  seen  as  a  moist-, 
■lort'd  patch,  surrounded  by  a  much  paler  zone. 
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Thi:  wholf  jifrowth   is  so  smooth  and  glistening  that  it 
tiaa  !*oine*¥liat  the  appearance  of  being  varniahed. 

In  boniilou  it  quickly  causes  ojmctty,  with  the  ulti- 
mate production  of  a  delicate  pellicle  upon  the  surface. 


^ 


K^ 


Stab-cullure  of  vibria  MrlrhnU 


It  causes  liquefaction  of  blood-sornm,  the  liquefied 
area  being  covered  by  a  dense,  wrinkle<l  pellicle. 

When  grown  in  ]jppt<>nu  solution  it  produces  indol 
and  coineidently  nitrites,  bo  that  the  rose-colored  reoo- 
tion  chamcterifitic  of  indul    ia   obtained  by  the   addi- 


BACTESTOI.OOT. 

tion  of  siilphiirw  acid  alone,  Tlie  prtHliictioti  of  inilol 
by  this  orgiiiiisiu  is  usually  r/reater  tlian  tliat  com- 
mon to  the  comma  bacillus  under  tiie  same  oircnm- 

In  milk  it  causra  an  acid  reaction  with  cx>agiilation  of 
the  co^^in.  The  coagulated  casein  collects  at  the  bot- 
tom of  the  tube  in  irregular  masses,  above  which  is  a 
layer  of  eU>flr  whey.  If  blue  litmus  has  been  added 
to  the  milk,  the  color  is  changed  to  pink  in  from 
twenty-four  to  thirty  hours,  and  after  forty-eight  hours 
decolonzation  and  coagulation  occur.  The  clots  of 
casein  are  not  re-dissolved.  After  about  a  week  the 
acidity  of  the  milk  is  at  its  maximum,  and  the  organ- 
isms quickly  die. 

It  causes  the  red  color  of  the  roBulic-aciil-peptoae 
solution  to  I)ecome  very  much  deeper  after  four  or  five 
days  at  37°  C. 

It  do<«  not  cause  fermcntJition  of  glucose  with  pro- 
duction of  gas. 

It  is  killed  in  five  minutes  by  a  temperature  of  60°  C. 
(Steniljerg.) 

It  is  pathogenic  for  chicken.s,  pigeons,  and  guinen- 
pigs.  Rabbits  and  mice  are  aifectod  only  by  very  large 
doses. 

Gamaleiu  states  that  chickens  alfectcd  with  the  chol- 
eraic gastro-cntcritis  of  which  this  or^nism  is  the  cau«e, 
are  usually  seen  sitting  quietly  with  ruffltwl  fcBthent. 
They  suffer  from  diarrhfea,  but  there  is  no  elevation 
of  tem]»erature.  Ilypenemia  of  the  entire  gastn)-inte»- 
tinal  tract  is  .qeeu  at  autopsy.  The  other  inti'mul  ot^^ans 
do  not,  as  a  ride,  present  anything  abnormal  to  the 
naked  eye.  The  intestinal  canid  contains  yellowiBh 
fluid  with  which  blood  may  be  mixed.     In  adult  ohiokena 
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tlic  fijiirilUi  iiriL'  imt  fniiiicl  in  the  I(1(kmI,  hut  in  ymiiig 
(iiiCf)  they  are  iisiially  priisent  in  small  iiiiinberM. 

Aftor  the  intnxluctiun  iuto  the  peetoral  muscle  of  a 
very  small  quantity  of  a  culture  of  this  organism 
pigeons  sueuumb  in  fmrn  eight  to  twenty  hours.  The 
most  conspicuous  post-vwrtan  lesion  is  found  at  the  site 
of  inoculation.  The  muscle  is  marked  by  yellow, 
necrotic  stripes ;  is  more  or  less  tedcmatous ;  is  swollen, 
and  contains  the  vibrios  in  enormous  numbers.  The 
intestines  are  usually  filled  with  fluid  contents,  which 
may  or  may  not  be  blotwl-stained  ;  the  walls  of  the  in- 
testines are  ofteu  injected  with  blood,  and  occasionally 
markedly  sii.  The  conditions  of  the  other  internal 
viscera  are  inconstant.  In  fatal  eases  the  \'ibrio8  are 
present  in  lai^e  numbers  in  the  blood  and  internal 
organs.  In  pigeons  that  survive  iniwulation  the  organ- 
isms may  be  found  only  at  the  site  of  inoculation,  or 
very  sparingly  in  the  blood  also.  These  animals  usually 
exhibit  immunity  from  subsequent  inoculations.  In 
certain  instances  the  results  of  infection  are  chronic; 
the  inoculated  pectoral  muscle  atrophies,  the  pigeon  losra 
in  weight  and  finally  dies  afVer  one  or  two  weeks.  In 
these  cases  the  organisms  arc  usually  absent  from  the 
blood  and  internal  orj^ns,  and  may  even  he  absent  from 
the  site  of  inoculation,  or,  if  present,  in  only  very  small 
number. 

(iiuinea-pigs  usually  die  in  from  twenty  to  twenty- 
four  houre  after  subcutaneous  inoculation.  At  autopsy 
an  extensive  iwlema  of  the  subcutani'OUH  tissues  about 
the  seat  of  inoculation  is  seen,  and  there  is  usually 
a  necrotic  condition  of  the  tissues  in  the  vicinity  of  the 
[Kiint  of  puncture.  As  the  blood  and  internal  organs 
of  both  pigeons  and  guinea-pigs  contain  the  vibrios  in 
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large  numbers,  the  infection  in  these  animals  takes, 
therefore,  the  form  of  acute,  general  septicaemia. 

The  bloocl-serum  of  both  pigeons  and  guinea-pigs 
that  have  survived  inoculation  with  this  organism — i.  c, 
that  have  acquired  immunity  from  it — are  bactericidal 
in  vitrio  for  this  organism.  It  also  possesses  a  certain 
degree  of  immimity-conferring  pro|)erty,  as  may  be 
demonstrated  by  injecting  it  into  normal  pigeons  and 
guinea-pigs  that  are  subsequently  to  be  inoculated  with 
virulent  cultures. 

Very  old  cultures  of  this  organism  in  bouillon  be- 
come distinctly  alkaline  in  reaction.  At  this  stage  they 
contain  a  toxin  that  is  markedly  active  for  susceptible 
animals.  This  toxin  is  not  dissolved  in  the  fluid  to  any 
extent,  but  is  appan^ntl y  in  intimate  association  \i4th  the 
proteid  matters  eoinp()?;ing  the  bacteria. 

Gastnventeritis  may  \>c  ])nxluced  in  both  chickens 
and  guinea-piji^s  by  feeding  them  with  food  with  which 
cultures  of  this  organism  have  been  mixed.    (Gamaleia.) 

In  the  autumn  of  189G  the  author  isolated  from  the 
water  of  the  Scluiylkill  River  at  Philadelphia  a  spirillum 
that  is  pathogenic  for  pigeons  and  guinea-pigs,  and 
that  possesses  so  many  of  the  other  characteristics 
common  to  tlu*  group  of  spirilla  of  which  the  chol- 
era spirillum  is  the  most  imjxirtant  nieniher,  as  to  justify 
the  opinion  that  they  are  of  the  same  family.  That  it 
is  not  identical  with  the  cholera  spirillum  is  evident, 
for  the  reason  that  the  latter  pro(lne(»s  cholera,  while 
the  vibrio  Miui/lkiiiinifiift  manifestly  <loes  not.* 

*  For  the  dotaih'd  dost-ription  of  this  orjrjinisin,  seo  Journal  of  Ex- 
perimental MtMlitin<\  vol.  i.  ]>.  Ill);  also  Tninsact  ions  of  the  Association 
of  Anierican  Physicians,  1>^!H),  vol.  xi.  p.  394. 
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^NoTE. — Since  the  epidemic  of  cholera  in  Hamburg 
quite  a  number  of  curved  or  spiral  organisms,  some- 
what like  the  cholera  spirillum,  have  been  discovered. 
For  the  descriptions  of  these  the  reader  is  referred  to 
current  bacteriological  literature. 


CHAPTER  XXIV. 

Study  of  baeiUua  anthraciSf  and  of  the  effects  produced  by  its  iiioculation 
into  animals — Peculiarities  of  the  organism  under  varying  con- 
ditions of  surroundings. 

The  discovery  that  the  blood  of  animals  suflTering 
from  splenic  fever,  or  anthrax^  always  contained  minute 
rod-shaped  bodies  (Pollender,  1855 ;  Davaine,  1863), 
led  to  a  closer  study  of  this  disease,  and  has  resulted 
probably  in  contributing  more  to  our  knowledge  of 
bacteriology  in  general  than  work  upon  any  of  the 
other  infectious  maladies. 

The  outcome  of  these  investigations  is  that  a  rod- 
shaped  micro-organism,  now  known  as  bacillus  ayi- 
thracisy  is  always  present  in  tlie  blood  of  animals  suffer- 
ing from  this  disease  ;  tliat  this  organism  can  be  obtained 
from  the  tissues  of  these  animals  in  pure  cultures  ;  and 
that  these  artificial  cultures  of  baeilhui  anthracis  when 
introduced  into  the  bodies  of  susceptible  animals  can 
again  produce  a  condition  identical  with  that  found  in 
the  animal  from  which  they  were  obtained.  The  dis- 
ease  is  a  true  septiciemia,  and  after  death  the  ciipil- 
laries  throughout  the  ])ody  arc  always  found  to  contain 
the  typical  rod-shaped  organism  in  larger  or  smaller 
numbers. 

This  orgjinism,  when  isolated  in  pure  <'ulture,  is  a 
bacillus  which  varies  considerably  in  length,  ranging 
from  short  rods  2  to  3  //  in  length  to  longer  threads 
20   to   25  fi  in  length.     In    breadth    it    is    from  1   to 
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1.25  ft.     Frequently  verj'  loDg   threads,  made   up   of 
several  rods  joined  end  to  end,  are  seen. 

When  obtained  directly  from  the  body  of  an  animal 
it  is  usually  in  the  form  of  short  rods  square  at  the  eitds. 
If  highly  magnified,  the  ends  are  seen  to  be  a  trifle 
thicker  than  the  body  of  the  cell  and  somewhat  indented 
or  concave,  peculiarities  that  help  to  distinguish  it  from 
certain  other  oi^nisras  that  are  somo^vliat  like  it  mor- 
phologically.    (See  Fig.  89.) 


I 


When  cultivated  artificially  at  the  temperature  of  the 
body  the  bacillus  of  anthrax  presents  a  series  of  very 
interesting  stages. 

The  short  rods  develop  into  long  threads,  which 
may  be  seen  tmsted  or  jilaitt^d  t<^ther  like  ropes, 
each  thread  being  marked  by  the  points  of  juncture 
of  the  short  rods  composing  it.  (Fig.  90,  n  and  b.) 
In  this  condition  it  remains  until  alterations  in  its  sur- 
roundings, the  most  conspicuous  being  diminution  of  its 
nutritive  supply,  favor  the  production  of  spores.  When 
this  stage  begins  changes  in  the  protoplasm  of  the 
bacilli  may  be  noticed  ;  they  become  marked  by  irregu- 
lar, granular  botlies,  which  eventually  coalesce  into 
glistening,  oval  spores,  one  of  which  lies  in  nearly  every 
segment  of  the  long  thread,  and  gives  to  the  tlireod  the 
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a[^iiiari.'>tr  .>f  a  itrina  oi  zliiteaing  beads.  (Fig.  91.) 
Ir.  !!i:.-  -a^-»:  th*:>_v  r»rni:uit  htxi  a  ehun  time.  The  cfauns 
oi  -y-T^.  wK:--h  iiv  h^-M  «jg«lier  by  the  remaiiig  of 


th':  fill-  in  whii'h  tli^'V  tortnul,  become  broken  up,  anil 
r-vttitii:iily  nntliiii;:  tnit  I'n-i-  "Viil  -p">n':i,  and  here  and 
ilnri-  til'-  riniiiiii-  "f  mature  liu'-illi  wliich  have  nnder- 
[.'onc  -i.^'ii'-nitivc  -liiinL'.-.  laii  l«>  fmin.I.  In  this  i-on- 
ditinii  tlio  .-[(on-^,  f-iiiKiMi;  ')!'  n-;Utiiijr  tMctcrious  influ- 


Tlin-iiil«.pr'-iW. 


lilt  I'Jifi  JUincten. 


f-iicc!!,  n-iiitiin  unci,  inili-sn  Uioir  mirnminiinjrs  an-  iiUvn-d, 
ciiiitiniii'  in  \\nn  living,  llionj^Ii  iniulivi',  comlition  fur 
a  v(-rv  loii^r  tiiiK'.  If  ap.nu  )il:i<'<'<l  iukIci-  luvonililo 
cuiiilitiiiiir',  each  sjmrf  will  fjcriiiiiiatc  into  a  iiiatuR-  t-fll, 
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I  foid  the  same  scries  ot  changes  will   be  repeated  until 

I  the  siirrouuding8  become  agaio  grsidtially  luitavorable 

B  to  development,  wheu  »{>ore-tbriiiation  again  takes  place. 

P  Spore-formatJou   occurs  only  at  temperatures  ranging 

from    18°   to   43°    C,  37.5°  C.  being  tlie   optimum. 

Under  12°  C.  they  are   not   formed.     This   organism 

does    not   form   spores   in   the   tissues    of    the   living 

animal,  its  usual  eonditiuu  at  this  time  being  that  of 

short   rods;    occasionally,   however,   somewhat   longer 

forms  may  be  seen. 

The  hacilhis  of  anthrax  is  not  motile. 
Growth  on  Agak-aoar. — Colonies  of  this  organ- 
ism, as   seen   upon  agar-agar,  pre.sent  a  very  typical 
appearance,  from   which  tliey  have  been  likened  unto 
the  head  of  Medusa.     From  a  central  point  which  is 


|1Dore  or  less  dense,  consisting  of  a  felt-like  mass  of 
mg  threads  irregularly  matted  together,  the  growth 
x>ntinues  outivartl  upon  the  surface  of  the  agar-agar. 
'.  92.)  It  is  made  up  of  wavy  bundles  in  which 
fce  threads  are  seen  to  lie  parallel  or  are  twisted  in 
rands  like  those  of  a  rope;  sometimes  tlicy  have  a 
aited  arrangement.  (See  Fig.  90.)  These  bundles 
irlst  and  cross  in  all  directions,  and  eventually  die- 
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appear  at  the  periphery  of  the  colony.  At  the  ex- 
treme periphery  of  the  colonies  it  is  sometimes  possible 
to  trace  single  bundles  of  these  threads  for  long  dis- 
taoccB  across  the  surface  of  the  agar-t^r.  The  colony 
itself  is  not  circumscribed  in  appearance,  but  is  more 
or  less  irregularly  fringed  or  ra^;ed,  or  scalloped.  To 
the  naked  eye  they  look  very  much  like  minute  pellicles 
of  raw  cotton  that  have  been  pressed  into  the  surfaoe 
of  the  agar-agar. 

As  the  colonies  continue  to  grow  they  become  more 
and  more  dense  and  opaqne,  and  granular  and  rough  on 
the  surfaoe.  When  touched  with  a  sterilized  needle 
one  experiences  a  sensation  that  suggests  somewhat 
their  matted  structure.  They  are  never  moiKt  or 
creamy.  The  bit  that  is  taken  up  with  the  needle  is 
always  more  or  less  ragged. 

Gelatin. — The  colonics  on  gelatin  at  the  earliest 
stages  also  present  the  same  wavy  iipiK'nninrc ;  hut  this 
cliaraotcristic  soon  becomes  in  part  dcstroywl  by  the 
liquefaction  of  the  gelatin  which  m  produced  by  the 
growing  organisms.  This  allows  them  to  sink  to  the 
bottom  of  the  fluid,  where  they  lie  as  an  irregular  mass. 
Through  the  fluid  portion  of  the  g<Oatiu  may  be  seen 
small  clumps  of  growing  barilli,  which  look  very  much 
like  bits  of  twtton-wool. 

Boiiii,ix)N. — In  Imuillim  the  gnuvth  iw  oliaracterized 
by  the  formation  of  flaky  manses,  wliieh  also  have  very 
much  the  appearance  of  hits  of  raw  cotton.  Micro- 
scopic examination  of  one  of  these  flakes  reveals  the 
twisted  and  plaited  arrangement  of  the  loiij;  threads. 

Potato. — On  this  medium  it  d<'vcli>|>s  rapidly  as  a 
dull,  <lr>',  granular,  whitish  ninsf,  which  is  more  or  lesit 
limitc<l  to  the  point  of  iuocnilutiun.     On  jwtito,  at  the 
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temperature  of  the  incubator,  spore-formation  may  be 
easily  observed. 

Stab-  and  SLAST-CTL-nrKES. — Stab-  and  elant-cult- 
iires  on  agar-agar  present  in  g^ninil  the  appcaranceB 
given  for  the  colonies,  except  tluit  tlie  growtli  is  ninoli 
more  extensive.  The  growth  Is  always  more  pro- 
nounced on  the  surface  than  down  the  track  of  the 
needle. 

On  gelatin  it  causes  liquefaction,  which  begins  on  the 
snrface  at  the  point  inoculated  and  spreads  outward  au<l 
downward. 

It  grows  best  with  aeress  to  oxygen,  and  verj'  poorly 
when  the  supply  of  that  gas  is  interfered  with. 

Under  favorable  conditions  of  aeration,  nutrition,  and 
temperature  Its  growtli  is  rapid. 

Under  12°  C.  and  above  45°  C.  no  growth  occurs. 
Its  optimum  temperature  is  that  of  tiie  human  body, 
viz.,  37°-38°  C. 

The  spores  of  the  antlirax  baeillns  are  very  resistant  to 
heat,  though  the  degree  of  resistance  varies  with  spores 
of  different  origin.  Von  Esmarch  found  that  anthrax 
spores  from  some  sources  were  readily  killed  by  an  ex- 
posure of  one  minute  to  the  temperature  of  steam, 
whereas  spores  from  other  sources  resisted  this  temper- 
ature longer,  in  some  eases  as  long  as  twelve  minutes. 

Sta  INI  NO.— Anthrax  Iracilli  stain  readily  with  the 
ordinary  aniline  dyes.  In  tissues  their  presence  may 
also  be  demonstrated  by  the  ordinary  aniline  stain- 
ing-fluids  or  by  Gram's  method.  They  may  also  l>e 
stained  in  tissues  with  a  strong  watery  solution  of 
dahlia,  after  which  the  sections  are  dccolorize<l  in  2  per 
cent,  sodium  carbonate  9i>lutif>n.  washed  in  water,  dehy- 
drated in  alcohol,  cleared  in  xylol,  and  mounted  in  bal- 
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sam.  This  leaves  the  bacilli  stained,  while  the  tissues 
containing  them  are  decolorized;  or  the  latter  maybe 
stained  a  contrast^-eolor — with  eosin,  for  example — after 
dehydration  in  alcohol  and  before  clearing  in  xylul.  In 
tliit4  ea.-4e  they  must  be  washed  again  in  aleohol  before 
using  the  xylol.  In  a  preparation  treatttl  in  this  way 
the  rod-shaped  organisms  are  of  a  purple  color,  and  will 
be  seen  in  the  capillaries  of  the  tissue^  while  tlic  tissues 
tliemsclves  arc  of  a  \m]e  rose  color. 

Inociilatios  into  Animals. — Introduce  into  the 
subcutaneous  tissues  of  the  al>domina1  wall  of  a  ^linea- 
pig  or  rabbit  a  portion  of  a  pure  culture  of  baeillvx 
aidhrucis.  The  animal  usually  succumbs  in  from  thirty- 
six  to  forty-eight  hours.  Little  or  no  reaction  at  the 
immediate  jwint  of  inoculation  will  lie  noticed;  but 
bej'ond  this,  extending  for  a  long  distance  over  the 
abdomen  and  thorax,  the  tissues  will  Ik?  markedly 
cedematons.  Here  and  tJiere,  scattered  through  this 
cedematous  tissue,  small  ecchymoses  will  be  seen.  The 
underlying  muscles  are  pale  in  color.  Inspection  of  the 
internal  viscera  reveals  no  verj-  marki.'d  macroscopic 
cliaiiges  except  in  the  spleen.  This  is  eulnrji^ed,  dark 
in  color,  and  soft.  The  liver  may  present  the  appear- 
ance of  cloudy  swelling;  the  lungs  may  be  red  or  pale 
red  in  color ;  the  heart  is  usually  filled  witli  blood.  No 
other  changes  can  be  seen  by  the  naked  eye. 

Prepare  cover-slip  preparations  from  tlie  blood  and 
otlicr  viscera.  They  will  all  be  found  to  contain  short 
rods  in  large  numbers.  Nowhere  can  spore- format  ion 
be  detected.  Ujjon  microscopic  examination  <if  sec- 
tions of  the  organs  which  have  been  hanlenpd  in 
alcohol  the  capillaries  are  seen  to  l>e  filled  with  (lie 
bacilli ;  in  some  places  closely  packed  in  large  nom- 
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bere,  at  other  points  fcwer  in  number.  Uaimlly 
tliey  are  present  in  largest  nntnberu  in  those  tis- 
sues having  the  greatest  capillary  distribution  and  at 
those  poiutii  at  wiiich  the  cireiilatinn  is  slowest.  They 
arc  uniformly  distributed  through  the  spleen.  The 
glomeruli  of  the  kidneys   and   the  capillaries  of   the 
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lungs  are  frequently  lacked  with  them.  The  captllaries 
of  the  liver  contain  them  in  large  numbers.  (Fig.  93.) 
Hemorrhages,  probably  due  to  rupture  of  capillaries 
by  the  mechanical  pressure  of  the  bacilli  which  are 
developing  within  them,  not  uncommonly  occur. 
When  these  occur  in  the  mucous  membranes  of  the 
alimentary  tract  the  bltHxl  may  escape  througii  the 
mouth  or  anus ;  when  in  the  kidneys,  through  the  uri- 
niferous  tubules. 

C'ultupes  from  the  different  organs  or  from  the  ipdema- 
tous  fluid  about  the  iraint  of  inoculation  result  in  growth 
of  hacUlus  nnthrncis. 

The  amphibia,  dogs,  and  the  majority  of  birds  are 
not  susceptible  to  this  disease.     Rats  are  difficult  to 
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infect.  Rabbits,  guinea-pigs,  white  mice,  gray  house- 
mice,  sheep,  and  cattle  are  susceptible.  Infection  may 
occur  either  througli  the  circulation,  through  the  air- 
passages,  through  the  alimentary  tract,  or,  as  we  have 
just  seen,  through  the  subcutaneous  tissues. 

PROTPXTIVK    INO(TUI.ATION. 

The  most  noteworthy  ap]>lication  of  artificially  pre- 
pared living  vaccines  to  the  protection  of  animals 
against  infection  is  seen  in  connection  with  anthrax 
in  sheep  and  in  bo  vines. 

By  a  variety  of  procedures  the  virulent  anthrax 
bacillus  may  be  in  part  or  totally  robbed  of  its  patho- 
genic properti(»s.  It  is  through  the  very  mild  consti- 
tutional disturbance  caused  in  animals  vaccinated  with 
such  W(»ak(Miod  cnltuvos  that  protection  is  often  afforded 
against  the  severer,  freipieutly  fatal,  form  of  the  infec- 
tion. 

Without  revii'winir  the  various  methods  that  have 
be(»n  employed  for  attenuating  tin*  virulence  of  this 
organism  to  a  dei^rec  suita])le  for  protective  vaccina- 
tion, it  will  snttiec*  to  sav  that  the  most  satisfactory 
results  have  been  obtained  ])v  ]onir-0(>ntinu(Hl  eultiva- 
tiim  (ten  to  thirty  days)  at  a  tem|)('ratnre  of  fnmi  42° 
to  4o°  C.  In  this  proeedun*  the  spore-free,  virulent 
hnviUufi  anthraeis,  o])tained  direetlv  from  tin*  bliKxl  of 
a  recently  dead  animal,  is  ])rontrht  at  once  into  sterile 
nutrient  bouillon  in  about  tw<'nty  test-tubes,  wliieh  are 
immediately  |>]aeed  in  an  incubator  that  is  carefully 
regulated  to  maintain  a  tempeniture  of  42.5^  (\  There 
should  not  be  a  fluctuation  (►f  over  0.1'"'  (\ 

After  about  a  week  a  tube  is  r(»movcd  from  the  incu- 
bator on  eacjh  successive  day  and  it.s  viruli^nce  tested  at 
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once  on  animals.  The  degree  ol'  attenuation  ex[>en- 
eneed  by  tlie  cultures  grown  under  these  circumstances 
is  determined  by  tests  npon  rabbits,  guinea-pigs,  and 
mice.  The  first  culture  removed  may  or  may  not 
kill  rabbits,  the  most  resistant  of  the  three  animals 
used  for  the  test,  while  it  will  certainly  kill  the  guinea- 
pigs  and  mice;  after  another  two  or  three  days  rabbits 
will  no  longer  sucenmb  to  intwnlation  with  the  culture 
last  removed  from  the  incubator,  while  no  diminution 
will  aa  yet  be  noticed  in  its  pathogcnesia  for  the  other 
two  species.  AfWr  four  to  seven  days  more  a  culture 
may  be  eneoimtercd  that  kills  only  mice,  the  guinea- 
pigs  escaping;  while  ultimately,  if  the  experiment  be 
continued,  a  degree  of  attenuation  may  be  reached  in 
which  the  organism  has  not  even  the  power  of  killing 
a  mouse,  though  it  still  retains  its  vitality.  Investiga- 
tion of  these  attenuations  shows  them  to  possess  all 
the  characteristics  of  enfeebled  anthrax  bacilli;  tliey 
grow  slowly  and  less  vigorously  when  transplanted ; 
they  do  not  form  spores  when  exposed  to  a  high  tem- 
perature ;  and  microscopically  they  present  evidences 
of  degeneration.  When  intrntluced  Iwnenth  tlie  skin 
of  animals  they  disseminate  but  slightly  beyond  the 
sit«  of  inoculation,  and  <lo  not,  as  a  rule,  cause  the 
general  septioemia  that  occurs  in  suseoptible  animals 
after  inoculation  with  normal  cidtures  of  this  organism. 
In  the  practical  employment  of  these  attenuated  cult- 
ures for  protective  purj)oses  two  vaccines  are  employed. 
These  were  designated  by  Pasteur  as  "first"  and 
"  second  "  vaccines.  The  "  first "  is  the  one  that  killed 
only  the  mice  in  the  preliminary  tests;  while  the  "sec- 
ond" is  that  which  killed  both  mice  and  guinea-pigs, 
but  failed  to   kill   the   rabbit.     When  larger  animals, 


4S8  BACTERIOLOOT. 

Boch  as  she^  or  cattle,  are  to  be  protected  by  ^ 
tioD  with  these  vaccines,  a  snbcutaneouB  inoculation  of 
about  0.3  C.C.  of  the  first  vaccine  is  usually  ^veo. 
This  should  be  practically  without  noticeable  effect, 
causing  neither  rise  of  body-temperature  nor  other 
constitutional  or  local  symptoms.  After  a  period  of 
about  two  weeks  the  second  vaccine  is  injected  io  the 
same  way ;  this  may  or  may  not  cause  disturbance. 
In  the  event  of  its  doing  so  the  symptoms  are  rarely 
alarming,  and,  if  the  vaccines  have  been  properly  pre- 
pared and  tested  before  use,  they  disappear  within  a 
short  time  after  the  injection. 

In  the  large  majority  of  cases  sheep,  bovines,  horses, 
and  mules  may  be  safely  protected  against  anthrax  by 
the  careful  practice  of  this  method. 

EXPERIMENTS. 
Prepare  three  cultures  of  anthmx  bacilli — one  upon 
gelatin,  one  upon  agar-ngar,  and  one  upon  potato. 
Allow  the  gelatin  culture  to  remain  at  the  ordinary 
temperature  of  the  room,  place  the  agar-agar  culture 
in  the  incubator,  and  the  potato  culture  at  a  temper- 
ature not  above  18°  to  20°  C,  Prepare  cover-slips 
from  each  from  day  to  day.  What  differences  are 
observed  ? 

Prepare  two  [Kttato  cultures  of  the  anthrax  bacillus. 
Place  one  in  the  incubator  and  maintain  the  other  at  a 
temperature  of  from  1S°  to  20°  O.  Examine  them 
each  day.     Do  they  develop  in  the  same  way  ? 

From  a  fresh  eulturc  of  autlimx   bacilli,  in   which 
1  is  not  yet  begun  (which  is  the  surest 


spore-fornuitioii  is  not  ; 


SACILLUS  ASTHRACm 

socirce  from  which  to  ubtuin  nonspore-bfitrinif  anthrax 
bacilli),  prc|Jare  a  hanging-drop  prepanition  ;  also  a 
cover^lip  preparation  in  the  usual  way  and  utain  it 
with  a  strong  goiitian-violct  sohition;  and  another 
cover-slip  preparation  which  is  to  \w  drawn  through 
a  flame  twelve  to  fifteen  times,  stained  with  aniline 
gentian- violet,  washed  in  iodine  solution  and  then 
in  water.  Examine  these  microscopically.  Do  they 
all  present  the  same  appearance?  To  what  are  the 
difTercncofl  due? 

Do  the  anthrax  threads,  as  seen  in  a  fresh,  growing, 
hanging  drop,  present  the  same  morphological  appear- 
ance as  when  dried  and  stuined  \\\ton  a  cover-slip? 
How  do  they  differ  ? 


Liquefy  a  tube  of  agar-agar,  and  when  it  is  at  the 
temperature  of  40°  to  43°  0.  add  a  very  minute  quan- 
tity of  an  anthrax  culture  which  is  far  advanced  in  the 
spore-stage.  Mix  it  thoroughly  nHth  the  liquid  agar- 
agar  and  from  this  prepare  several  honing  drops  under 
strict  antiseptic  precautions,  using  the  fluid  ugar-agar 
for  the  drops  instead  of  bouillon  or  salt-mlution.  Select 
from  among  these  preparations  that  one  In  \vhicli  the 
smallest  number  of  spores  are  present.  Under  the 
microscope  observe  the  development  of  u  spore  into  a 
mature  cell.  Describe  carefully  the  developmental 
stages. 


Prepare  a  1 :1000  solution  of  larlxtlic  acid  in  bouil- 
lon. Inoculate  this  with  virulent  anthrax  sp<ire8.  If 
no  development  occurs  af^r  two  or  three  days  at  the 
temperature  of  the  thermostnt,  prepare  a  solution  of 
1 :  1200,   and   continue   until  the  point   is  reached   at 
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wtiich  the  amoimt  of  carbolic  acid  present  ju^  permits 
of  the  development  of  tlie  epores.  When  the  proper 
dilution  is  reached  prqiaro  n  dozen  of  such  tubes  and 
wulate  one  of  them  with  viriileiit  anthrax  Bpores. 
As  soon  a8  development  is  well  advanced  trnui?ler  a 
loopful  from  thia  tube  into  a  scctmd  of  the  carbolic  acid 
tulics ;  when  thiH  has  developed,  then  from  thit«  into  a 
tliird,  etc.  After  five  or  six  generations  have  been 
treated  in  this  way  study  the  epore-prodtiction  of  the 
organisms  in  tliat  tube.  If  it  is  normal,  continue  to 
inoculate  from  one  carbolic  acid  tube  to  another,  and 
see  if  it  is  possible  by  this  means  to  influence  in  any 
way  the  production  of  spores  by  the  orf^nism  with 
which  you  are  working.     What  is  the  efibot,  if  any? 

Prepare  two  liouillon  cultures,  each  from  one  drop  qf 
blood  of  an  animal  dead  of  anthrax,  (Why  from  the 
blood  of  an  animal  and  not  from  a  culture  ?)  Allow  one 
of  them  to  grow  for  from  fourteen  to  eighteen  hotire  in 
the  incubator ;  allow  the  other  to  grow  at  the  same  tem- 
perature for  three  or  four  days.  Remove  the  firt<t  tube 
after  the  time  mentioned  and  Kubject  it  to  a  tcmjierature 
of  80°  C.  for  thirty  minutes.  At  the  end  of  this  time 
prepare  four  plates  from  it.  Make  each  plate  with  one 
drop  from  the  heated  bouillon  culture.  At  the  end  of 
three  or  four  days  treat  the  second  tube  In  identically 
the  same  way.  How  do  the  number  of  colonics  which 
develop  from  the  two  cultures  compare?  Was  there 
any  difference  in  the  time  required  for  their  develop- 
ment on  the  plates? 

From  a  potato  culture  of  anthrax  bacilli  which  has 
been   in   the   incubator  for  three  or   four  days  scrape 
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away  the  growth  and  carefully  break  it  up  in  10  c.e. 
of  sterilized  physiological  salt-solution.  The  more 
thoroughly  it  is  broken  up  the  more  accurate  will  be  the 
results  of  the  experiment.  Place  this  in  a  bath  of  boil- 
ing water,  and  at  the  end  of  one,  three,  five,  seven,  and 
ten  minutes  make  plates  upon  agar-agar  each  with  one 
loopful  of  the  contents  of  this  tube.  Are  the  results 
on  the  plates  alike  ? 

Determine  the  exact  time  necessary  to  sterilize  ob- 
jects, such  as  silk  or  cotton  threads,  on  which  anthrax 
spores  have  been  dried,  by  the  steam  method  and  by 
the  hot-air  method. 

Prepare  a  bouillon  culture  from  the  blood  of  an  ani- 
mal just  dead  of  anthrax.  After  this  has  been  in  the 
incubator  for  from  three  to  four  hours  subject  it  to  a 
temperature  of  55°  C.  for  ten  minutes.  At  the  end 
of  tliis  time  make  plates  from  it  and  also  inoculate  a 
rabbit  subcutancouslv  with  it.  What  are  the  results? 
Are  the  colonies  on  the  plates  in  every  way  charac- 
teristic ? 

Inoculate  six  Erlenmeyer  flasks  of  sterile  bouillon, 
each  containing  about  35  c.c.  of  the  medium,  from 
either  the  blood  of  an  animal  just  dead  of  anthrax  or 
from  a  fresh  virulent  culture  in  which  7io  spores  are 
formed. 

Place  these  flasks  in  the  incubator  at  a  temperature 
of  42.5°  C.  At  the  end  of  five,  ten,  fifteen,  twenty, 
twenty-five,  or  more  days  remove  a  flask.  Label 
each  flask  as  it  is  taken  from  the  incubator  with  the 
exact  number  of  days  that  it  has  been  at  the  tempera- 
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tan  of  42.6°  C.  Study  each  flask  carefully,  both  in 
its  calture-peculiarities  and  in  its  pathogenic  properties 
when  employed  on  animals. 

Are  these  cultures  identical  in  all  respects  with  those 
that  have  been  kept  at  37°  C? 

If  they  differ,  in  what  respect  is  the  difference  most 
ocHispicuous  ? 

Should  any  of  the  animals  survive  the  inoculations 
made  from  the  different  cultures  in  the  foregoing  ex- 
periment, note  carefully  which  one  it  is,  and  after  ten 
to  twelve  days  repeat  the  inoculation,  luting  the  same 
oaltore ;  if  it  again  survives,  inoculate  it  with  the  cult- 
ure preceding  the  one  juet  used  in  the  order  of  removal 
firom  the  incubator;  if  it  still  survives,  inoculate  it  with 
virulent  anthrax.  What  is  the  result?  How  is  the 
result  to  be  explained?  Do  the  cultures  which  were 
made  from  these  flasks  at  the  time  of  their  romov^al 
from  the  incubators  act  in  the  same  way  towanl  animals 
as  the  oi^nisms  growing  in  the  flanks  ?  Is  the  action 
of  each  of  these  ciilturos  the  same  for  mice,  guinea-pigs, 
and  rabbits? 

Prepare  a  2  per  cent,  nolntion  of  i^nlphuric  acid  in 
distitled  water;  suspend  in  this  a  nunil>cr  of  anthrax 
spores ;  at  the  end  of  three,  six,  and  nine  <liiys  at  35°  C. 
inoculate  both  a  guinea-pig  and  n  nibbit.  PrejKire 
cultures  from  thiw  Ruspciiflion  on  the  tliinl,  sixth,  and 
ninth  ilaysj  when  the  <;u]tures  have  dovclupcd  inoculate 
a  rabbit  and  a  gninou-pig  fnim  the  cultun-  maiii:  on  the 
ninth  day.  Should  the  animals  survive,  inm-iiliite  them 
again  after  three  <>r  four  dnyw  witii  a  cnltun'  mnde  on 
tlie  sixth  day.  Do  the  n-siilfs  ajtiK'ar  in  any  way 
peculiar  ? 


CHAPTER    XXV. 

Tbe  most  imporcant  of  tbe  orgaliisnu  roDnd  id  the  SQil^The  nltrit^- 

iag  bactoria— Tbe  bnclllua  of  tetanuK— The  bacilluB  or  maligsaat 
<Bdeiua—Tlia  batilliiu  of  sympUimatic  antliraz. 

THE   NITRIFVINR    BAtTEBIA. 

By  the  t-mploynient  of  bacteriological  methods  in 
the  study  of  the  soil  much  liyht  has  been  sJied  upon 
the  eause  and  nature  of  the  interestiug  and  momen- 
tous biological  pheniimena  there  constantly  in  prio- 
ress. Of  these,  the  one  that  is  of  the  greatest  im- 
portance comprises  those  changes  that  accomjiany  the 
widespread  process  of  disintegration  and  decomposi- 
tion, to  which  reference  has  already  been  made.  (8ee 
Chapter  I.)  This  resolution  of  dead  eompU'X  organic 
compoiuids  into  simpler  structures  that  are  asBimtlable 
as  food  by  growing  vegetation  is  dependent  upon 
the  activities  of  bacteria  located  in  the  superfieial 
layers  of  the  ground.  It  is  not  a  simple  process, 
brought  about  by  a  siugle,  siMHriiic  species  of  bacteria ; 
but  represents  a  series  of  metabolic  alterations,  each 
definite  step  of  which  is  most  probably  the  result  of 
the  activities  of  different  species  or  groups  of  sjiecies, 
acting  singly  or  together  (Mymbiolically).  Our  knowl- 
edge npon  the  subject  is  not  Miffieient  to  permit  us  to 
follow  in  detail  the  manifold  alterations  undci^one 
by  dead  organic  materiid  in  the  process  of  decomposi- 
tion that  results  in  its  conversion  into  inorganic  com- 
pounds, with  the  formation  of  carlmnic  acid,  ammonia, 
and  water  as  the  conspicuous  end-products.     It  suffices 
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to  gay  that  \vlierever  dead  organic  matters  are  exposed 
to  tlio  action  of  tlic  groat  group  of  saprophytic  bacteria, 
in  wliich  arc  found  many  diifcront  spc(.*ics,  the  altera- 
tions through  which  they  pass  arc  ultimately  character- 
ized by  the  appearance  of  these  three  bodies,  Wlien  the 
process  of  decoiiijiosition  occurs  in  the  soil,  however,  it 
does  not  cottse  at  tiiis  {>oitit,  but  we  find  istill  further 
alterations  —  alterations  concerning  more  particularly 
the  ammonia.  This  change  in  ammonia  is  character- 
ized by  the  products  of  its  oxidation,  viz.,  by  the  for- 
mation of  nitrous  and  nitric  acids  and  their  salts ;  it  is 
not  a  result  of  the  direct  action  of  atmospheric  oxygen 
upon  the  ammonia,  but  occurs  through  the  instrumen- 
tality of  a  special  group  of  sipropliytes  known  as  the 
nitrifyiiifi  organisms.  They  are  found  in  the  most  supt-r- 
ficial  layers  of  the  ground,  iiud  though  umn;  omimon 
in  some  places  than  in  othiTs,  they  an.-,  uovertheless, 
present  over  the  entire  surface  of  the  cartii.  The 
most  conspicuous  example  of  the  fiiuetiimal  activity  of 
this  speeilic  furiii  of  soil  orgiiiiism  is  seen  in  the  im- 
mense saltpetrc-hi-ils  of  (.'liili  anil  Peru,  where,  by  the 
activities  of  these  uiicniseopic  plants,  nitnites  are  pro- 
duced fnim  the  animonia  of  the  fatal  evacuations  of 
seji-f<)wl  in  such  cuorjuous  quantities  as  to  form  the 
source  of  supply  of  this  article  for  the  commercial 
world.  A  nmn'  familiar  exani])lc,  though  banlly  u|>on 
such  a  jireat  scah',  is  seen  in  the  dei'oiiij>osition  and 
.■iubsetinent  nitrification  of  the  orgiuii*'  matti^rs  of  sew- 
age ami  other  iinpun'  waters  in  the  process  of  puri- 
fication by  filtration  llm.ugli  tlie  s-iil.  a  pi-.H^css  in  which 
it  is  (Hissilih'  ti>  follow,  by  cheiuii-ai  means,  the  organic 
matters  fnim  tiieir  c-ou.lition  as  su.'h  lhron;,'h  their  con- 
spicuous moiliiications  to  their  ultimate  conversi<m  into 
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ummoiiiii,  nitrons  and  nitric  acids,  in  fa«t,  the  same 
breiiking  down  an<i  building  up,  resulting  ultimately 
iu  uitrifiuitiou,  oeour^  iu  all  nitrogeuous  matters  that 
are  depcisitcd  u|kiu  the  soil  and  allowed  to  decay.  It  is 
largely  through  this  means  that  growing  vegetation 
obtains  the  nitrogen  necessary  for  the  nutrition  of  its 
tissues,  and  when  viewed  from  this  stitudpoint  we  ap- 
preciate the  importance  of  this  process  to  all  life,  ani- 
mal as  well  !ls  vegetable,  upon  the  earth. 

These  very  important  and  interesting  nitrifying 
organisms,  of  which  there  appear  to  be  several,  have 
been  the  subject  of  much  study,  and  are  found  to 
possess  peculiarities  of  sufficient  interest  to  justify  a 
more  or  less  detailed  description.  For  a  long  time  all 
efforts  to  isolate  them  from  the  soils  in  which  they  were 
believed  to  be  present,  and  to  cultivate  them  by  the 
processes  commonly  employed  in  bactcriolt^cal  work, 
resulted  in  failure;  and  it  was  not  until  it  was  found 
that  the  ordinary  methods  of  bacteriolf^cal  research 
were  in  no  way  applicable  to  the  study  of  these  bacteria 
that  other,  and  ultimately  successful,  methods  were  de- 
vised. By  these  special  devices  nitrifying  bacteria, 
capable  of  oxidizing  ammonia  to  nitric  acid,  have  been 
isolated  and  cultivated,  and  the  more  important  of  their 
biological  peculiarities  recorded  by  Winogradsky  in 
Switzerland,  by  (3.  C.  and  P.  F.  Fmnkland  in  Eng- 
land, and  by  Jonlan  and  Richunls  in  this  country. 
From  the  similarity  of  the  properties,  given  by  these 
several  observers,  of  the  nitrifying  organisms  isolated 
by  them,  it  seems  likely  that  they  have  all  been  work- 
ing with  either  the  same  oi^uism  or  verj'  closely  allied 
species. 

The  organism  generally  known  as  the  niiro-vionan  of 
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Winogradsky  is  a  short,  oval,  and  frequently  almoet 
spherical  cell.  It  divides  as  usual  for  bacteria,  but 
there  is  little  tendency  for  the  daughter-cells  to  adhere 
together  or  to  form  chains.  In  cultures  they  are  com- 
monly massed  together,  by  a  gelatinous  material,  in  the 
form  of  zoogloea.  They  do  not  form  spores,  and  are 
probably  not  motile,  though  Winogradsky  believes 
he  has  occasionally  detected  them  in  active  motion. 
As  has  been  stated,  they  do  not  grow  upon  ordinary 
nutrient  media,  and  cannot,  therefore,  be  isolated  by 
the  means  commonly  employed  to  separate  different 
species  of  bacteria.  The  most  astonishing  property  of 
this  organism  is  its  ability  to  grow  and  j)erform  it« 
specific  fermentiitive  function  in  solutions  devoid  of 
organic  matt<»r.  It  is  believed  to  be  able  to  obtain  its 
necessary'  carl)<>n  from  carl)onic  acid.  For  its  isolation 
an<l  cultivation  Winogradsky  recommends  the  following 
solution : 

Ammonium  sulplmte 1  gramme. 

Potassium  phosphate 1        '* 

Puro  water 1000  c.c. 

To  each  flask  containing  100  c.c.  of  this  fluid  is  added 
from  0.5  to  1  gnunnie  of  basic  niagiicsium  carbonate 
suspended  in  a  little  distilled  water  and  sterilized  by 
boiling.  One  of  the  flasks  is  then  to  hv  inoeulated  with 
a  minute  portion  of  the  soil  under  investigation,  and 
after  four  or  five  days  a  small  portion  is  to  be  with- 
drawn, by  means  of  a  capi/lart/  pipette,  from  over  the 
surface  of  the  Inver  of  niairnesinni  carbonate*  and  tnuis- 
ferred  to  a  second  flask,  and  similarly  after  f<Mir  or  five 
days  from  this  to  a  third  flask,  and  so  on.  As  this 
medium    does   not   offer   conditions    favorable    to    the 
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growth  of  bacteria  requiring  oi^iiic  matkT  fur  tlifir 
deveiopnit'iit,  those  that  were  originally  introduced  with 
the  soil  qiiicklj'  disappear,  and  ultimately  only  the  nitri- 
fying orgauisina  remain.  These  are  seen  as  an  almost 
transparent  film  attached  to  the  clumps  and  granules  of 
magnesium  earbunat*!  on  the  bottom  of  the  flask. 

For  their  (■iihiv-ation  u|»oii  a  solid  medium  Winograd- 
sky  employs  a  mineral  gelatin,  the  gelatini/hig  priiieiple 
of  which  is  silicic  acid.  A  solutiua  of  from  3  to  4  per 
cent,  of  silicic  acid  in  distilled  water,  and  having  a  spe- 
cific gravity  of  1,02,  remains  fluid  and  can  be  preserved 
in  flasks  in  this  condition.  (Kuhne.)  Gelatinization  oc- 
curs after  the  addition  of  certain  salts  to  such  a  solution, 
and  will  be  more  or  less  complete  according  to  the  pro- 
portion of  salts  added.  The  salts  that  have  given  tlie 
best  results  and  the  method  of  mUing  them  are  as  fol- 
lows : 

iAmmoDiaiii  sulphate 0.4  grnuime. 
Uaiiovduni  Hulpliuta                              0.05       " 
Qtlcium  chliindo    ...              . tiace. 

(  PaCsadum  pbosphato O.t  gramnie. 

h  <  Sodium  curlHiimte  ...  .   .    O.B  to  0.9        " 

I  Distilled  WaWr    ,  .    .  .    100  c.c. 

The  sulphate's  and  chloride  (n)  are  mLied  in  60  c.c. 
of  the  distilled  water,  and  the  phosphate  and  carbonate 
(fi)  in  the  remaining  50  c.c,,  in  separate  flasks. 

Each  flask  is  then  sterilized  with  its  contents,  which 
after  coolinj^  arc  mixed ;  the  mixture  representing  the 
sohitiim  of  mineral  salts  is  lo  he  added  to  the  silicic 
acid,  little  by  little,  until  the  pnipiT  degree  of  consist- 
ency is  obtained  (that  of  ordinary  nutrient  gelatin). 
This  part  of  the  process  is  best  conducted  in  a  culture- 
dish.  If  it  is  desired  to  separate  the  colonies,  as  in  an 
ordinary  plate,  the  inoculation  and  mixing  of  the  mat«- 
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riul  introduced  must  be  doue  liefore  gt'Iatiiiization  ia 
I'omplctc  ;  if  the  mutt^riiil  is  to  be  disiriljiilw!  over  only 
the  surface  of  the  medium,  theu  the  mixture  must  firMt 
be  allowed  to  solidify. 

By  the  uue  of  the  tiilicate-gelatiu  WiDogradsky  has 
isolated  from  the  gelatinoim  film  lu  the  bottom  of  Quids 
undergoing  nitrificjition  a  bacillus  whicli  he  believes  to  l«! 
asaociatcti  with  the  nitro-monas  in  the  nitrifying  priK^ess, 

Our  knowledge  of  these  oi^nisnis  is  as  yet  too  in- 
complete to  permit  of  a  complete  description.  What 
has  been  said  will  serve  to  indicate  the  direction  in 
which  further  studies  of  the  subject  should  be  pmse- 
cuted.  (For  further  details,  the  reader  is  referred  to  the 
origiunl  coutributious  and  to  current  literature  on  t 
subject.') 

In  addition  to  the  bacteria  eoncernal  in  decomiJosition 
and  nitrification  there  are  occasionally  present  in  tJie 
soil  mien  j-organ isms  possessing  disea-se-itnxlnciiig  prop- 
erties. Conspicuous  among  these  may  be  mentioned 
the  bacillus  of  malignant  oedema  (rlbrinn  xepHqur  of 
the  French),  the  bacillus  of  tetanus,  and  the  bacillus 
of  symptomatic  anthrax  {Uanschbrami  (Gcr.) ;  charbtm 
sifiiiptomiiitlqiie  (Pr.)).  It  is  sonietinics  due  to  the 
presence  of  one  or  the  other  of  these  oi^nisnis  that 
wounds  to  which  soil  has  had  access  (cnished  wounds 
from  the  wheels  of  cars  or  wagons,  wounds  receivotl  in 
agricultural  work,  etc.)  are  followed  by  such  grave  con- 
stitutional disturbances. 

>  WiQagrsilsky;  Ann,  de  I'Inst.  Pasteur,  1890,  tnm«  iv.;  1S91,  tome  v. 

Jordan  and  Richards:  Report  of  ttlal^  Rooril  i>f  Hmltli  uf  Mm^ 
clmBetlB.  "  Pnrifipatlou  of  Sewnge  and  Water,"  18i)0,  vol.  ii.  p.  "HI. 

Frankland,  O,  C.  uud  P.  F.:  Proceeding  of  Boj'ul  Socielj,  Lunilan, 
ISW,  xlviL 
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THE    BACILLUS  OF  TISTANUS. 

In  1884  Nictilaier  produced  tetanus  ui  mice  and  rab- 
bits by  the  Hubcntaneous  inoculation  of  partioles  of 
gardun-eartli,  and  demonstrated  tliat  the  pus  produced 
at  the  point  of  inoculation  ivas  capable  of  reproducing 
the  disease  in  other  niiee  and  rabbiis.  He  did  not  suc- 
ceed in  isolating  the  organism  iu  pure  culture.  In  1884 
Carle  and  Rattoiie,  and  in  1886  Kuscnbuch,  demon- 
stnit^nl  the  infectious  nature  of  tetanus  as  it  occurN  in 
man  by  producing  the  disease  in  animals  by  inoculating 
them  witli  accretions  from  the  wounds  of  individnals 
affected  with  the  disease.  In  1889  Kitasato  obtained 
the  bacillus  of  ivtamis  in  pure  culture,  and  dt-scribed 
his  method  of  obtaining  it  and  its  biological  peculiarities 
as  follows : 

Method  of  ODTAiNrNc.  It. — Inoculate  several  mice 
subcutanponsly  with  secretions  from  the  woimd  of  a 
case  of  typical  tetanus.  This  material  usually  containe 
not  only  tetanus  bacilli,  but  other  oipinisnis  as  well,  so 
that  at  autopsy,  if  tetamis  results,  there  may  be  more  or 
less  suppuration  at  the  seat  of  inoeulatioii  in  the  mice. 
In  order  to  separate  the  tetanus  bacillus  from  the  others 
that  are  present  the  pus  is  smeared  upon  the  snriaee 
of  several  slanted  blood-serum  or  agar-agar  tubes  and 
placed  at  37°  to  38°  C.  After  tweuty-four  hours  all 
the  oi^nisms  will  have  developed,  and  micmseopic 
examination  will  usually  reveal  the  presence  of  a  few 
tetanus  bacilli,  recognizable  by  their  shajK,  viz.,  that  of 
a  smalt  pin,  with  a  spore  representing  the  head.  After 
forty-eight  hours  at  38°  C,  the  culture  is  subjected  to  a 
temi)erature  of  80°  C  in  a  water-bath  for  from  three- 
quarters  to  one  hour.     At  the  end  of  this  time  series  of 
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^H  plates  or  EHuiareli  tiilies  of  slightly  alkaline  gelatin  are 

^H  made  with  very  sniall  amounts  of  the  culture  and  kept 

^H  in  an  atmosphere  of  hydrogen  (see  ])agc  210). 

^H  are  then  kept  at  i'ruiu  18°  to  20°  C".,  and  at  the  end 

^H  of  about  a  week  tiie  tetanus  Inicilliis  begins  to  appear 

^H  in   the   form  of  colonies.     Af^r  about  ten  days  the 

^^  colonies  shotdd  not  only  be  examiiii-d  microscopically, 

but  each  colony  tliat  has  developed  in  the  hydit^en 
atmosphere  should  be  obtained  in  pure  culture  and 
agnin  grown  under  the  same  condition.s.  The  colonies 
that  grow  only  without  oxygen,  and  which  are  com- 
posed of  the  piu-sliaped  organisms,  must  l>c  tost^-d  upon 
mice.  If  they  represent  growths  of  the  tetanus  ba<^'illus, 
the  typical  clinical  niiinifestations  of  the  disease  will  be 
produced  in  these  animals. 

In  obtaining  the  organism  from  the  soil  much  diffi- 
culty is  cxpcrionceti.  Here  are  encountered  a  number 
of  spore-bearing  organisms  that  are  facultative  in 
their  relation  to  oxygen,  and  are  therefore  very  difficult 
to  eliminate;  and  there  is,  moreover,  one  in  parlicular 
that,  like  the  tetanus  bacillus,  forme  a  polar  spore. 
This  spore  is,  however,  less  round  and  iniieh  more  oval 
than  that  of  the  tetanus  Itacillus,  and  gives  to  the 
organii^m  containing  it  more  the  shape  of  a  javelin  (or 
c/odrulium,  properly  speaking)  than  that  of  a  jtiii,  the 
characteristic  shape  of  the  spore-bearing  tetanus  organ- 
ism. It  ia  non -pathogenic,  and  grows  botli  wilii  and 
without  oxygen,  and  should,  consequently,  not  be  mis- 
taken for  the  latter  bacillus.  It  must  also  bo  bornp  in 
mind  that  there  are  ocomionally  present  in  the  soil  still 
other  bacilli  which  form  polar  sjKires,  and  which,  when 
in  this  stage,  an'  almost  identical  in  ap[K;araiii-c  with 
the  tetanus  bacillus;  but  they  will  usually  be  found  to 
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differ  from  it  in  their  n'lutioD  t<i  oxygen,  uud  tliey  are 
iilao  without  ilise»se-pnxUieing  projwrties, 

MoRpHoLixjY. — It  is  a  slender  rod  with  rounded  ends. 
It  may  appear  as  single  rods,  or,  in  culturet<,  as  long 
threads.  It  is  motile,  though  not  actively  so.  The 
motility  is  rendered  somewhat  more  conspivuoua  by 
exaniimng  the  organism  upon  a  warm  stage. 


!.  i.  Vegotalire  Huge.  B.  Spore-stage,  showing  [ilii-shnpes. 


At  the  temperature  of  the  body  it  rapidly  forms 
spores.  Tliese  are  round,  tliicker  than  the  cell,  and 
usually  occupy  one  of  its  j«>Ies.  giving  to  th<>  rod  tlie 
iippearance  of  a  small  pin.  (Fig.  94.)  When  in  the 
s|iore-stage  it  is  not  motile. 

It  is  stained  by  the  ordinary  aniline  stjuning-reagents. 
It  retains  the  color  when  stained  by  Gram's  method. 

Cdltcbal  PBt.LiLL4RiTiE8. — It  IS  an  obligate  anae- 
robe, and  cannot  be  brought  to  development  under 
iiei'fss  of  oxygen.  It  thrives  in  .in  atmosphere  of 
pure  hyilrogeu,  but  nut  in  one  of  earbonic  acid. 
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It  grows  in  ordinary  niitrieDt  gelutiii  and  agar-sigi 

of  a  slightly  alkaline  reai^tion.     Gelatin  \b  slowly  licjuti 

Jieil,  with  tilt'  coincident  prodin^tion  of  a  eniall  atnuui 

p^^  ^  of  gas-     Neither    agar-agar   iic 

hlood-serum   is   liquefied    by  il 

gi-owth. 

The  addition  to  the  nie<Iia  o 
from  1.5  to  2  pereent.  o(*^]iico^ 
0.1  per  ecnt.  of  indifro-stxliiii 
sulpliate,  or  5  per  cent,  by  volnni 
of  blue  litmiig  tincture  favors  it 
firowth. 

It  ^rowsweli  in  alkaline  bonil' 
Ion  under  an  atmosphere  of  hy- 
dm,[rcn. 

Uiidfr  artificial   cniiditions   it 
may  be  cultivated   through    t 
(lUTous   generations  witJiout   ]i 
l^\'  virulence. 

Al'I'KARANCE    OP    THE    CXilJO- 

KIE>;. — Colonies  of  bimlhis  tetani 
on  gchitin  under  :in  utniosphcre 
of  hydntircn  have,  in  their  early 
.•:t!i}re=  somewhat  the  appearance 
of  tlie  colonies  of  the  eommon 
hncWiin  stibtilh  in  their  earliest 
stages,  viz.,  they  have  a  dense, 
1     fi'lt-like  centre  surmnnded  hy  a 

ll..srn,.r,lfl5'«.>M,Id«.le       j- ;  j-     f^^\\,^^^     r-,Jii_        X^C 

liBtriliulltiK  till'  org«n-  f^         _ 

iiiroiiEhriiubc nearly     lifjuefaetion  is  80  slow  that  Uie 

iruitivntfnn'in^n^i-  ippcarance  is  n-tained  for  a  rela- 
phcro  ft  hirJrnp-11  ttvcly  long  time,  bnt  eventually 
FrEii)  beeomes   altered.      In    very   old 
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foioniea  the  entire  mass  is  made  up  of  a  niimbiT  of 
distinct  tlm-ads  that  give  it  the  appeumuce  of  a  t 
mon  mould.     (See  Fig.  95.) 

In  Mnh-euiinrca  miulL-  in  ttilics  ahout  tliree-quartere 
filial  with  gelatin  growth  begins  at  aboiit  1.5  to  3  cm. 
below  the  snrfaee,  and  gradnally  asaiinies  the  appearance 
of  a  cloudy,  linear  nia.ss,  with  prolongations  nuliutitig 
into  the  gelatin  from  all  sides,  Liquefaction  with  coinci- 
dent gas-prod  tic t ion  restiltis,  and  may  reach  almost  to 
the  surface  uf  the  gelatin. 

Relation  t(i  Temperatube  and  t(i  (."hemical 
Agents. — It  grows  best  under  a  terajXTatnre  of  from 
36°  to  38°  C. ;  gelatin  cultures  kept  at  from  20°  to 
25"  C.  begin  to  grow  after  three  or  four  days.  In  an 
atmosphere  of  hydrogen  at  from  18°  to  20°  C.  growth 
does  not  usually  otTur  before  one  week.  No  growth 
oticurs  below  14°  C  At  the  temperature  of  the  body 
spores  are  forminl  in  cultures  in  about  thirty  hours, 
whereas  in  gelatin  cultures  at  from  20"  to  25°  C,  thev 
ilo  not  usually  appear  before  a  week,  when  the  lower 
part  of  the  gelatin  is  quite  fluid. 

Spores  of  the  tetanus  bacillus  when  dried  upon  bits 
of  thread  over  sulphuric  acid  in  the  desio(!iit4)rand  sub- 
sequently kept  exposed  to  the  air,  retain  their  vttali^ 
and  virulence  for  a  number  of  months.  Their  vitality 
is  not  destroyed  by  an  exposure  of  one  hour  to  80°  C. ; 
on  the  other  hand,  an  cxiwsure  of  five  minutes  to 
100°  0.  in  the  steam  sterilizer  kills  them.  They  resist 
the  action  of  o  per  i-ent.  carbolic  amd  for  ten  hours,  hnt 
succumb  when  exposed  to  it  for  fifteen  hours.  In  the 
Slime  solution,  plus  0.5  per  cent,  of  hydnx-hlorie  acid, 
they  are  no  longer  active  aft4?r  two  hours.  Thev  are 
hilled  when  netcd  upon    fiir  three  hours  by  corrosive 
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ilucwl  by  the  bacteria  m  thr  eiUtiirp  from  w  liidi  they  are 
olitiiined  and  introduced  with  thptn  into  ihp  tissues  of 
th(!  aninml  at  the  time  of  inoculatinn.  In  support 
of  the  latter  hypof  hesia :  mice  have  been  inoculated  with 
pure  cultures  of  this  organism  ;  aflcrone  hour  the  point 
at  which  the  inoculation  was  made  wa»  excised  and  the 
tissnes  cauterized  with  the  hot  irftn ;  notwithstanding 
the  short  time  during  which  the  organisms  were  in 
contuct  with  tlio  tissues  and  the  subaec|uent  radical 
treiitment,  the  animals  died  after  the  nsual  interval 
and  with  the  typical  symptoms  of  tetanus. 

The  jroison  produced  by  the  tetanus  bacillus,  and 
to  which  tlie'fiymptoms  of  the  disease  are  due,  has 
been  iaolated  and  subjected  tn  detailed  ntudy ;  flomp 
of  its  peculiarities,  as  given  by  Kitasato,  are  as  fol- 
lows:' 

"When  cultures  of  this  organism  are  robbed  of  their 
bacteria  by  filtration  through  imrcelain  the  filtrate  con- 
tains the  soluble  iwisou,  and  is  capable,  when  injected 
int4)  animals,  of  causing  tetanus. 

"  Inoculations  of  other  animals  with  bits  of  the 
organs  of  the  animal  dead  fnim  the  action  of  the  teta- 
nus poison  produce  no  result;  but  similar  inoculations 
with  the  blood  or  with  tlie  serous  exudate  from  the 
pleural  cavity  always  result  in  the  npi>earance  of  teta- 
nus. The  jK>i.sou  is,  therefore,  largely  present  in  the 
circulating  fluids. 

"  The  greatest  amotmt  of  jwison  is  produced  by  culti- 
vation in  fresli  neutral  Iwuillon  of  a  very  slifihtly  alka- 
line reaction. 

"  The  aeti\-ity  of  the  poison  is  destroyed  by  an  ex- 
1  ZellBChiifl  Cur  Hyt^ene,  ISSl,  Bd.  x.  B.  207. 
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posure  of  oiio  und  oiif-hall'  hours  to  55**  C. ;  of  twenty 
minutes  to  6U°  C  ;  ami  of  five  mmutea  to  65°  C. 

"  By  drying  at  the  temperature  of  the  body  under 
access  of  air  the  poison  is  destroyed ;  but  by  drying  at 
the  ordiuarj'  temperature  of  the  room,  or  at  tliis  tem- 
perature in  tile  desiccator  over  stilpburic  acid,  it  is  not 
destroyed. 

"  Diffuse  daylight  diminishes  the  intensity  of  the 
poison.  Its  intensity  is  preserved  for  a  much  longer 
time  when  kept  in  the  dark. 

"Direct  sunlight  robs  it  of  its  poisonous  properties 
in  from  fifteen  to  eighteen  hours. 

"  Its  activity  is  not  diminished  by  dihiting  a  fixed 
amount  with  water  or  nutrient  bouillon. 

"  Mineral  acids  and  strong  alkalies  lessen  its  Intensity." 

The  chemical  nature  of  this  poison  is  not  positively 
known,  but  according  to  the  observations  of  Brieger 
and  Cohn'  it  is  not  to  be  classed  with  the  albumins 
in  the  sense  in  which  the  word  is  commonly  used. 
When  obtained  in  a  pure,  concentrated  form  its  toxic 
properties  are  seen  to  be  altered  by  acids,  by  alkalies, 
by  sulphuretted  hydrogen,  and  by  temiwratures  above 
70°  C.  Even  when  carefully  protected  from  light, 
moisture,  and  air  it  gradually  becomes  diminirihed  i 
strength.  When  freshly  prepared  by  the  methods  ( 
the  authors  just  cited  its  potency  is  almost  incredih 
0,00005  milligramme  being  sufficient  to  cause  ; 
tetanus  in  a  mouse  weighing  fifteen  grammes. 

THE   B.*riU,IIs  or  MALltJNASiT  (EDKMA. 

The   bacillus  of  malignant  redcma,  also  known  as 

vilji-iim    m-pl'ifptr,    is    another    pathogenic    fiirra    almost 

>  Zelt  mr  Bygiciu)  uud  IiifvfclloiiHlRsQkhelten,  IMKI,  Band.  xy.  a  1. 
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led  in   1 
<de  of   i 
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everywhere  present  tu  the  soil.  In  ccrtjiin  rcspuctis  it 
is  a  little  like  the  bacillus  of  anthrax,  and  was  at  one 
time  eonfouudetl  with  it ;  but  it  iliffers  in  tlie  marked 
peculiarity  of  being  a  strict  anaerolie.  It  waa  first 
obeerve<l  by  Pasteur,  but  it  was  not  until  lat^r  that 
Km^h,  Liburious,  Kitt,  and  others  deseribed  its  pecu> 
liarities   in   detail.      It  can   usually   be    obtained   by 


BnriHn'  trdaaaHi  vuil 


inserting  under  the  skin  of  rabbits  or  guinea-pigs 
small  portions  of  ganlen-earth,  street-duyt,  or  decom- 
posing organic  snbatinces.     Tlierc  resulls  a  widespread 


47)1 


MJCTSJUOLOGT. 


mdMB^  With  BMC  «c  leaggM  ptndPrtiun  ta  tbe 
la  the  mhrnatnias  fluid  dboot  tke  inte  of  niamlBtiaa 
tbe  or^BBtm  aiuler  oMeidcrttiaB  ■■jr 

ibe  drtected.  (Fig.  96,  a.) 
It  H  s  rod  abiHit  3  to  :iJi  ^  Um^  aad 
from  I  to  I.I  /I  thick — £.  c^Uis  afaool 
aa  long  as  hrvitlu*  nnlhmeia,  b«tt  s  • 
triSe  mute  aleitder.  It  te  osobIIt  thaad 
in  pai»,  joined  end  to  end,  bat  nwr  a(^- 
<^r  a»>  l-w^r  thiMda;  portiiiikriy  is 
-  io  cnltnres.  Wha  m 
>  that  ai^iroxiBHtte  mn 
<.Thile  the  distal  a^ 
triniitit-.-  an?  PjQDdcd.  When  occur- 
ring dogly  both  this  atv  maixlai. 
I  How  Aies  h  di^r  in  this  tvtfpevt 
from  bacUliu  tmlhmn*  f)  It  is  slowly 
mrrtile,  and  iti«  Sngflla  are  loegtal 
iiiitli  at  the  cikIs  and  along  the  siifae 
[  'li'>  ntti.  It  iitnas  spores  that  mic 
I. -I:. illy  locatol  in  or  wai  tb«  middle 
■r  till-  lells,  causing  fn^uently  a 
nwf-ning  at  the  fioiDt(<  at  which  tfaej' 
are  lor^tcd  and  gi\'ing  to  the  cell 
more-  or  1^^  oval,  gpiDdlt,  ur 
-.hape.     (Fig.  96,  B.) 

It  \»  an  obligate  anaerobe,  gntwn^ 

».  ™i»,r'.»"i^    ™  »il    <^   »nlinarv    malb,  bat   got 

rkimn,  >n4  rmr-    with  access  of  oxyg^D.      It  grows  W^ 

in   an   atnioephiTe   of  hvdmgm.      It 

camt*  liqiieratriiiiti  of  gi-latin. 

In  tu1n-«  eoiituining  aliout  20  to  30  i-.c,  of  grlatin 
that  iiaa  hvba  liquefied,  inovtdated  with  a  email  amount 
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nf  the  culture,  and  tlien  rapidly  HolidiGod  in  ice-water, 
growth  appears  in  the  form  of  isolated  colonies  at  or  near 
thehottoniof  the  tuhcin  from  two  to  three  days  at  20°  C, 
These  colonies,  when  of  from  0.5  to  1  mm.  in  diameter, 
appear  as  spheres  filled  with  clear  liquid,  and  are  diffi- 
cult, for  this  reason,  t*>  detect.  {Fig.  97.)  As  they  grad- 
ually increase  in  size  the  contents  of  the  spheres  become 
cloudy  and  marked  by  fine  radiating  stripes,  easily 
to  bo  detected  with  the  aid  of  a  small  hand-lens.  In 
deep  stab-cultures  in  agar-agar  and  in  gelatin  develop- 
ment occurs  only  along  the  track  of  puncture,  at  n  dis- 
tance below  the  surface.  Growth  is  frequently  accom- 
panied by  the  production  of  yias-bnbbles. 

It  causes  rapid  liquefaction  of  blo<Kl-seriim,  with 
production  of  gas-bubhles,  and  in  two  or  three  days 
the  entire  meditim  may  have  become  converted  int«  a 
yellowish,  semi-fluid  mass. 

Tlie  most  satisfactory  reaulta  in  the  study  of  the 
colonies  are  obtained  by  the  ubc  of  plates  of  nutrient 
agar-agar  kept  in  a  chamber  in  which  all  oxygen  has 
been  replaced  by  hydrogen.  The  colonies  appear  as 
dull  whitish  points,  Jrregidar  in  outline,  and  when 
viewed  with  a  low-power  lens  are  seen  to  be  marked 
by  a  network  of  branching  and  interlacing  lines  that 
radiate  in  an  irregular  way  from  the  centre  toward  tlie 
periphery. 

It  grows  well  at  the  ordinary  temperature  of  the 
room,  but  reaches  its  highest  development  at  the  tem- 
perature of  the  iKxIy. 

It  stains  reatiily  with  the  ordinary  aniline  dyes.  It 
does  not  .stain  by  Gram's  method. 

Pathogenesis. — The  animals  known  to  be  suscepti- 
ble to  inoculation  with  this  organism  are  man,  horses, 
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<ailveB,  doge,  goats,  sheep,  pigs,  chickens,  pigeons,  rab- 
bits, guinea-pigs,  and  mice.  Cases  are  recorded  in 
wliieh  men  and  horses  have  developed  the  disease  after 
injuries,  doubtless  dne  to  the  introduction  into  the 
wound,  at  the  time,  of  soil  or  dust  containing  the 
ot^nism. 

If  one  introduce  into  a  pocket  beniiath  the  skin  of  a 
susceptible  animal  about  as  much  garden-earth  as  can 
be  held  upon  the  point  of  a  penknife,  the  animal  fre- 
quently dies  in  from  twenty-four  to  forty- eight  hours. 
The  most  conspicuous  result  found  at  autopsy  is  a  wide- 
spread oklema  at  and  about  the  site  of  inoculation.  The 
oedematouH  fluid  is  in  some  places  clear,  »hile  at  others  it 
may  be  stained  with  blood  ;  it  is  usually  rich  in  bacilli 
(Fig.  94,  a)  and  contains  gas-bul>bles.  Of  the  internal 
oipins  only  the  spleen  shows  nuieh  chiiii;,'c.  It  is  large, 
dark  in  color,  ami  contiiins  nunuToiis  liacilli.  If  the 
auto]»sy  Ixt  made  iuumtliately  after  deatli,  liacilli  are 
ran'ly  found  in  the  blood  of  tlic  hi';irt ;  i>ut  If  de- 
ferred for  several  hours,  the  organisms  will  be  firund 
in  this  locality  also,  a  fact  tliat  speaks  <i>^r  their  midti- 
plicjttion  in  the  liody  aiUr  death.  At  the  moment 
of  death  they  aiv  present  in  varying  iiiniibers  in  all 
the  internal  viscera  and  on  the  serous  surlaoes  of  the 
organs. 

Of  all  animals  mice  are  ])r<iljal»ly  the  most  susceptible 
t<i  the  action  of  this  orgiuiisni,  and  it  is  not  nire  to  find 
it  in  the  heart's  IiIihkI,  even  iniinediad'ly  jil'tcr  death. 
They  ilie,  as  a  result  of  these  iniH-nliitii-Tis,  in  fix>m  six- 
teen til  twenty  tiours. 

^Vhen  a  |uire  rulturc  is  used  fur  iimi'ulation  a  rela- 
tively large  anioLuit  must  lu'  eKiployed,  and  this  should  be 
intniilnred  into  a  deep  piK'kct  in  the  siiiieulaneous  tissues 
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some  distance  from  the  surface.  In  continuing  tlic  In- 
oculations from  animal  to  animal  small  portions  of 
(irgaoa  or  n  few  drops  of  the  cedema-duid  should  be 
used.  The  inot^ulution  may  also  be  successftillj'  made 
b_v  introducing  into  a  pockft  in  the  skin  bits  of  steril- 
ized tliread  or  paper  upon  which  cidtiires  have  been 
dried. 

The  methods  for  obtaining  the  oi^nism  in  pure  cult- 
ure, from  the  cadaver  of  an  animal  that  has  succumbed 
to  infection  by  the  bacillus  of  malignant  cedema.  are 
in  all  cHHentiul  respects  the  same  as  those  given 
for  obtaining  cultures  from  tissues  in  general ;  but  it 
must  be  remembered  that  the  oi^nism  is  a  strict  anae- 
robe, and  will  not  grow  under  the  influence  of  oxygen. 
(See  methods  of  cultivating  anaerobic  species.) 

In  certain  superficial  respects  this  bacillus  suggests 
bacillus  ariikraciSf  but  differs  from  it  in  so  many  im- 
portant details  that  there  is  no  excuse  for  confounding 
the  two. 

Note. — From  what  has  been  said  of  this  organism, 
what  are  tlic  most  important  dilt'erential  points  between 
it  and  baeillun  anthranit  t  Inoculate  several  mice  with 
small  portions  of  ganlen-earth  and  strcpt-dust.  Isolate 
the  oi^nisra  that  agrees  most  nearly  with  the  descrip- 
tion here  given  for  the  liacillus  of  malignant  cedema. 
Compare  its  morphological,  biological,  and  pathogenic 
peculiarities  with  those  of  badllim  anihruciK  under  simi- 
lar circumstances;  especially  its  action  on  animals  and 
its  appearance  in  the  tissues  and  fluids. 


Still  another  pathogenic  organism  that  may  be  present 
n  the  soil  is 
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THE  BACILLUS  OF  SYMITflMATIf  ANTIIISAX  ;  IIACTfiHil: 
DU  CHABBON  SYMPTOM  A  TIQCE  (FK.) ;  BACILLITS 
DBS   RAOSC'HBIIAND   (tiER.). 

It  is  the  orgaaism  concfmed  in  the  production 
of  the  disease  of  young  oattic  and  slieep  cnunioiily 
known  as  "  black  leg,"  "quarter  evil,"  and  "quarter 
ill,"  a  disease  that  prevails  in  certain  lr>calitit>s  diir^ 
ing  the  warm  months,  and  which  is  characterizecl  by 
a  peculiar  emphysematous  swelling  of  the  muscular 
and  Biihcntaneous  cellular  tissues  over  the  quarters. 
The  muscles  and  cellular  ti.«sue8  at  the  (wiints  af- 
fected arc  seen  on  section  to  be  saturated  with  bloody 
sernm,  and  the  muscles  particularly  are  of  a  dark, 
almost  black  color.  In  these  areas,  in  the  bloody  trans- 
udates of  the  serous  cavities,  in  the  bile,  and,  after 
death,  in  the  internal  organs,  the  organism  to  be  de- 
scribed can  always  be  detected.  It  is  manifest  from 
this  that  the  soil  of  localities  over  which  infected  herds 
are  grazing  may  readily  become  contaminated  through 
a  variety  of  channels,  and  tluis  scr\'e  ua  a  source  of 
further  dissemination  of  the  disfiase. 

The  organism  was  first  observed  by  Feser,  and  subse- 
quently by  Bollinger  and  others.  The  most  complete 
description  of  its  morphological  and  biological  peculi- 
arities is  that  of  Kitasato.'  The  following  ia  from 
Kitasato's  contributions:  it  is  an  actively  motile  rod 
about  3  to  5  /i  long  hy  O.rj  fo  0.6  /i  thick.  It  httn 
rounded  ends,  and,  as  a  rule,  is  seen  singly,  though 
now  and  then  pairs  joined  end  to  end  may  occur.  It 
has  no  tendency  to  form  very  long  threads,   (Fig.  98,  A.) 

It  forms  spores,  and  when  in  this  stage  is  seen  to  be 
Zcitechrid  fiir  Bygione,  Bd.  v'l.  S.  lOj ;  BJ,  viii.  a  55. 
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.sliglitly  swollen  at  or  near  one  of  ite  poles,  tlio  location 
ill  \vlii»-h  tlic  Bpore  usually  appears.  (Fig.  98,  B.)  It  is 
niiirkt-Hly  prone  to  uodei^  degenerative  elmngcK,  and 
involiition-l'orms  are  commonly  seen,  not  only  in  fresh 
cnltures,  but  in  the  ti^ues  of  affeeteil  animals  as  well. 
Thongli  aetively  motile  when  in  the  vegetative  stage 
it,  like  all  other  raotile  spore-forming  Itacilli,  loses  this 


I 


I 


property  and  becomes  motionless  when  spores  are  form- 
ing. 

It  is  strictly  anaerobic  and  cannot  be  cultivated  in  an 
atmosphere  in  which  oxygen  is  present.  It  grows  beet 
under  hydrogen,  and  docs  not  grow  under  carbonic  acid. 

The  media  most  favorable  to  its  growth  are  those  eon- 
tainiug  glucose  (1.5  to  2  per  cent.),  glycerin  (4  to  5  per 
cent),  orsome  other  rwhicing-liody,  such  as  indigo-sodium 
Bu1phat«>,  sodium  formate,  etc. 

When  cultivated  njion  gelatin  plates  in  an  atmosphere 
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of  hydrogen  the  colonics  api>t-ariis  irn'gitljir,  slightly  lobu- 


Aftor  a  short  time  liquefaction  of  the  gela- 
tin occurs  and  the  colony  presents  a  dark, 
dense,  lobulated  and  broken  centre,  sur- 
rounded by  a  much  more  delicate,  fringe- 
like  zone. 

When  diwtriliiitwl  through  a  deep 
layer  of  Jiqnetied  gelatin  that  is  siib- 
.■^t'Huently  solidified  colonies  develop  at 
only  the  lower  iwirtions  of  the  tube. 
Till'  single  colonies  appear  as  discrete 
jilijhiiles  that  cause  rapid  liquefaction 
of  the  gelatin,  and  ultimately,  coalesce 
into  irregular,  lobulat«<l,  liquid  areaq. 
In  some  of  the  larger  colonics  an  ill- 
defined,  concentric  arrangement  of  al- 
ternate clear  and  elondy  zones  am  be 
miulc  out.     (Fig.  99.) 

In  deep  wtab-ciilturcH  in  gelatin  growth 
begins  atter  about  two  or  three  days  at 
20°  to  25°  C  It  begins  usually  at  alwut 
one  or  two  centimetres  below  the  sur- 
face, and  causes  slow  liquefaction  at  and 
around  the  track  of  its  development. 
,  During  its  growth  gas-bubbles  arc  pro- 
b«pniii»  of  tfmp-    (lueed. 

tomatlo    anthrax,  •  >  .    i  i, 

(n  doep  Biiiiiin  I"  deep  stab-oulfures  m  agar-agar 
culture.  (Aner  at  37"  t*>  38°  C  growth  begins  in  from 
FrEirrsa.)  twenty-four  to  forty-eight  hours  also  at 

about  one  or  two  centimetres  Ih'Iow  the 
surface,  and  is  accompanied  by  the  production  of  gas- 
bnbbles.  There  is  pnKhiced  at  the  same  time  a  peculiar, 
[wiictrating  odor  somewhat  suggestive  of  that  of  rancid 
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butter.  Under  these  conditions  ijjiorefi  are  formed  after 
about  thirty  hours. 

It  growa  well  in  houillou  of  very  slightly  acid  reac- 
tion under  hydrogen,  but  does  not  retain  its  virulence 
for  so  long  a  time  as  when  cultivated  upon  »ulid  media. 
In  this  medium  it  develops  in  the  form  of  white  floccnli 
that  sink  ultimately  to  the  bottom  of  the  gliiss  and  leave 
the  supernatant  fluid  quite  clear.  If  the  vessel  he  now 
gently  ahuken,  these  delicate  flakes  are  distributed  homo- 
geneously tlin>ugh  it.  In  bouillon  cultures  there  is 
often  seen  a  delicate  ring  of  gas-bubblos  round  the 
point  of  contact  of  the  tube  and  the  surface  of  the 
bouillon.  There  is  produced  also  a  peculiar,  penetrat- 
ing, sour  or  rancid  odor. 

It  grows  best  at  the  body-temperature — i.  e.,  from  37° 
to  38°  C. — hut  can  also  he  brought  to  development  at 
fW)m  16°  to  18°  C.  Below  14°  C  no  growth  is  seen. 
Sjwre-fomiation  appcjirs  much  sooner  at  the  higher  than 
at  the  lower  temperatures.  When  ita  spores  are  dried 
upon  bits  of  thread  in  the  desiccator  over  sulphuric  acid, 
and  then  kept  under  ordinary  conditions,  they  retain 
their  vitality  and  virulence  for  many  months.  Sim- 
ikrly,  bits  of  flesh  from  the  aficcted  areas  of  animals 
dead  of  this  disease,  when  completely  dried,  are  seen  to 
retain  for  a  long  time  the  power  of  repn>ducing  the 
disease.  The  spores  are  tolerably  resistant  to  the  in- 
fluence of  heat :  when  subjected  to  a  temperature  of 
80°  C.  for  one  hour  their  virulence  is  not  affected,  but 
an  exposure  to  100°  C.  fiir  five  minutes  destroys 
them.  They  are  also  seen  to  be  somewhat  resistant  to 
the  action  of  chemicals :  when  exposed  to  5  per  cent, 
carbolic  acid  they  retain  their  disease-producing  prop- 
erties for  about  ten  hours,  whereas  the  vegetative  forms 
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are  destroyed  in  from  three  to  Jive  minutes  ;  in  corro- 
sive sublimate  solution  of  the  strength  of  1  :  1000  the 
spores  are  kilU'd  in  two  hours. 

When  gelatin  cultures  are  examined  iiiicrosco[Mcally 
the  orgaiiianis  are  usually  scon  as  single  rods  Vf\th 
rounded  ends.  When  cultivated  in  agar-agar  at  a 
higher  temperature  spores  are  formed  after  a  short 
time ;  the  spores  are  oval,  slightly  flatteiiod  on  their 
sides,  thicker  than  the  bacilli,  and,  as  stated,  fre<iuently 
occupy  a  position  inclining  to  one  of  the  poles  of  the 
bacillus,  though  they  are  us  oflen  seen  in  the  middle. 

Bacilli  containing  spores  are  usually  clubbed  or  spin- 
dle shape. 

This  bacillus  stains  readily  with  the  ordinary  aniline 
dyes.  It  is  decolorized  by  (Jnim's  metliod.  Its  8i>ores 
raay  be  stained  by  the  metliods  usually  employed  in 
spore-staining. 

Pathogenesis. — When  susceptible  animals,  especi- 
ally guinea-piga,  are  inoculated  in  the  deeper  subcutane- 
ous cellular  tissues  with  pure  cidtures  of  this  organism, 
or  with  bits  of  tissue  from  the  affected  area  of  another 
animal  dead  of  the  disease,  death  ensues  in  from  one  to 
two  days.  It  is  preceded  by  rise  of  tt^miwrature,  loes 
of  appetite,  and  general  indisposition.  Tlie  eit«  of 
inoculation  is  swollen  and  painful,  and  drops  of  bloody 
serum  may  sometimes  be  seen  exuding  from  it.  At 
autopsy  the  subcutaneous  cellular  tissues  an<l  under- 
lying muscles  present  a  condition  of  emphysema  and 
extreme  owlema.  The  ^edematous  fluid  is  often  bioo<l- 
stained  and  the  muscles  are  of  a  blackish  oc  blackish- 
brown  color.  The  lymphatic  glands  are  markedly 
hypenemie.  The  intenial  viscera  present  but  little 
alteration   visible   to  tlie   naked   eye.     In   the  blood- 
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stuiiitd  serous  Hiiiil  about  tht.-  poiut  uf  inoculation  liliort 
bacilli  are  prest-iit  in  large  Diiuibers.  Tliese  olten  pre- 
sent i^liglit  swellings  at  the  niiddla  or  near  the  end. 
They  arc  not  Been  !w  thread!*,  but  lie  wingly  in  the 
tiMsues.  Occaiiiioiiaily  two  will  be  seen  joined  end  to 
end.  If  the  aiit^ijis)'  be  made  immediately  after  <lcQth, 
these  organisms  may  not  be  det^irtt-d  in  the  internal 
organs ;  but  if  not  made  until  after  n  few  hours,  they 
will  be  found  there  also.  In  recent  autopsies  only  vege- 
tative forms  of  the  otpinism  may  be  ibund ;  but  later 
(in  from  twenty  to  twenty-four  hours)  spore-bearing  rode 
may  be  detected.  (How  does  this  compare  with  hncUluB 
aiithraciaf)  By  successive  iiioculations  of  susceptible 
animals  with  serous  fluid  from  the  site  uf  inoculation 
oi"  tile  dead  animal  the  disease  may  he  reproduced. 

Cattle,  sheep,  goats,  guinea-pigs,  and  mice  are  sus- 
ceptible to  infection  with  this  organism,  and  present  the 
conditions  above  described  ;  whereas  horses,  asses,  and 
white  rats  present  only  local  swelling  at  the  site  of  inoc- 
ulation. Swine,  dogs,  eats,  rabhit.s,  ducks,  chickens, 
and  pigeons  arc,  as  a  rule,  naturally  immune  from  the 
disease. 

Though  closely  simulating  the  bacillus  of  malignant 
cedenia  in  many  of  its  peculiarities,  this  organism  can, 
nevertheless,  be  readily  distinguished  from  it.  It  is 
smaller;  it  does  not  develop  into  long  threads  in  the 
tissues ;  it  is  more  actively  motile,  and  ibrma  sjtores 
more  readily  in  the  tissues  of  the  animal  than  rloes  the 
bacillus  of  malignant  cedema.  In  their  relation  tn  ani- 
mals they  also  differ;  for  instance,  cattle,  while  con- 
spicnotisly  susceptible  to  symptomatic  anthrax,  are  prac- 
tically immune  from  malignant  oedema  ;  and  while  swine, 
dogs,  rabbits,  chickens,  and  pigeons  are  readily  infected 
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with  malignant  (etk'ma,  tlioy  are  not,  as  a  rule,  suscepti- 
ble U)  gymptotiifttic  anthrax  Horsfs  are  affiictLnl  only 
locally,  aud  not  seriously,  by  the  bacillus  of  symptomatic 
anthrax  ;  but  tbey  are  conspicuously  susceptible  to  both 
artificial  inoculation  am!  natural  infection  by  tlie  Imcil- 
liis  of  malignant  oxlema. 

The  distribution  of  the  two  organisms  over  the  earth's 
sur&cc  is  also  fjiiite  different.  The  cedema  bacillus  is 
present  in  almost  all  soils,  while  the  bacillus  of  symp- 
tomatic anthrax  appears  to  be  conliucd  tu  certain  locali- 
ties, especially  places  over  which  infected  herds  have 
been  pastured. 

A  single  attack  of  symptomatic  anthrax,  if  not  fatal, 
affords  subsequent  protection ;  while  infection  with  the 
malignant  cedema  bacillus  api)earfl  to  ppedisjxwe  to  re- 
currence of  the  disease.     (Baumgarten.) 


CHAPTER    XXVI. 

Infection  and  imnmuity— Tho  typo*  of  infMtion;  intimato  iiatutu  of 
iiifectlotl — SFplictenus.  Iwiaiiuui.  vnrlacioas  in  iiifectiuus  i>r<icvtexB 
— Immuuity,  mtluml  ttud  scquirKii—Tha  hyimthiwes  tliat  havo 
been  Admnoeil  In  mpianalion  uf  immuuity—Ctencluidans. 

An  organism  capable  of  producing  riiaoase  we  call 
pnthogaiic  or  infeclive,  aud  the  process  by  which  it  pro- 
tlucos  disease  we  know  as  iitfection.  Diseases,  therefore, 
that  depend  for  their  existence  npon  the  presence  of 
l)acteria  in  the  tissues  are  infcetiom  diseases. 

What  is  the  intinutc  nature  of  this  process  we  call 
iufection?  Is  it  due  to  the  viecliamcai  praenee  of 
living  bacteria  in  tlie  liody,  or  does  it  result  from  the 
depoitilloH  in  the  ti^ncs  of  snbtitances  produced  by  tliese 
bacteria  that  arc  either  lijcally  or  goncntlly  ineompat^ 
ible  with  life?  Or,  is  the  group  of  pathological  altera- 
tions and  constitutional  symptoms  seen  in  these  diseases 
the  result  of  abdracUoii  from  the  tissues,  by  the  bacteria 
growing  in  them,  of  substances  essential  to  their  vitality? 
These  are  some  of  the  more  imiMtrtnnt  of  the  ((uestions 
that  present  themselves  in  the  course  of  analysis  of  thia 
intcR'sting  phenomenon. 

Let  ns  look  into  several  tyjiical  infectious  diseases, 
note  what  wc  find,  and  sec  to  what  extent  the  observa- 
tions thus  made  will  aid  us  in  formulating  an  opinion. 
We  begin  with  a  study  of  those  diseases  in  which  there 
is  a  general  infection — i.e.,  in  which  there  is  a  general  dis- 
tribution of  the  infective  agi'nts  througliout  the  body. 


490  BACTERIOLOOY, 

Tins  group  coinprise.s  the  '*  sopticaeniias/'  and   of  them 
the  disease  of  animals  known  as  anthrax  represents  a 
ty|Ki  of  the  eondition.      If  the  cadaver  of  an  aninial 
d«id  of  anthrax  be  exaniin(*d  by  bacteriolo^cal  metliods, 
there    will    be    diseovere<l    present   in   all    the    or^us 
and  tissues  an  orgiinisni,  a  baeilhis,  of  definite   fomi 
and  biological  eharaeteristies ;  and  if  the  organs,  and 
tissues  generally,  be  subjectcKl  to  microscopic  examina- 
tion this  siune  organism  will  be  found  always  j>resent 
and  always  located  within  the  capillaries.      At   nianv 
I>oints  it  will  l)e  i^^i^'i^n  enjwded  in  the  capillarity  in  such 
numbers  as  almost,  if  not  quite,  to  burst  them,  and  xory 
commonly  their  lumen  for  a  considerable  extent  is  en- 
tirely occluded  by  the  growing  bacilli.     In  such  a  case 
as  this  wc  might  be  tempted  to  (»onclude  that  deatli  had 
resulted  iVoui  mechanical  interference  with  the  cjipillary 
circuhitiou.     Suppose,  liowever,  we  subject  the  culturc»s 
obtained  from  tliis  animal  to  conditiims,  either  chemical 
or  thermal,  that  are  not  ])articularly  favorable  to  their 
normal  development,  and  from  time  to  time  inoculate 
susceptible  animals  with  the  cultures  so  treated.     The 
result  will  be  thai,  as  we  c<)ntinu(»  to  ex])Ose  our  cultures 
to  unfavorable  surroundings,  the  period  of  time  that  is 
re(juire(l   for  them  to  cause  the  death  of  animals  AVilI, 
in  some  eases,  gradually  become  extended,  until  finally 
death  will    not   ensue  at   all   after   inoculation.     If,  as 
these  animals  die,  a  careful    record    of  the  conditions 
found   at  autoi)sy  be  kept  and  com])ared,  it  will  ulti- 
matelv  be  noticed  that   the  animals  that  die  at  a  longer 
time  after  inoculation  ])res(Mit  conditions  more  or  less 
at  varianee  with  those  seen  in  the  original  animal  that 
died  more  (juickly  alter  having  been  iiioeulated.     Th(\«;e 
ditrcrcuces  usually  consist  in  a  diminution  of  the  num- 
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ber  of  bat'illi  tliat  appear  upon  culture  plates  from  the 
blood  and  iutcmal  organs,  and  in  a  lessening  in  the 
amount  of  jneohanical  obstruction  offered  to  the  circu- 
lation through  plugging  of  tlie  capillurios  by  masses  of 
bacilli,  as  detected  by  Hiicroscopi*?  examination  of  sets 
tions  of  tiie  orgaus ;  indeed,  this  latter  condition  may 
often  have  almost,  if  not  quite,  disappeared.  We  sue  here 
an  animal  dead  from  the  invasion  of  the  same  organism 
that  produced  death  in  the  first  animal,  but  with  little 
or  none  of  those  particular  lesions  to  wliich  we  were 
inclined  to  attribute  the  death  of  tliut  animal.  It  is 
apparent,  then,  that  this  oi^nism  witli  which  we  have 
been  working  can  destroy  the  vitality  of  an  animal  in 
a  way  other  than  by  meclumically  obstructing  its  blood- 
vessels ;  it  possesses  some  other  means  of  destroying 
life.  Possibly  tta  growth  in  the  ti.ssuea  is  accompanied 
by  the  production  of  soluble  poisons,  which  when  pres- 
ent in  the  blood  are  not  compatible  with  life. 

Let  us  see  if  the  study  of  another  group  of  infections 
will  furnish  any  evidence  in  support  of  such  an  hypoth- 
esis. Introduce  into  the  snbt-utaneous  tissues  of  a 
guinea-pig  a  small  amount  of  a  pure  culture  of  the  bacil- 
lus of  diphtheria.  In  three  or  four  days  the  animal 
dies.  We  proceed  with  onr  autopsy  in  eicactly  the  same 
way  that  we  did  with  the  animals  dead  of  anthrax, 
and  are  astonished  to  find  that  the  organs,  blood,  and 
tissues  generally  are  sterile,'  in  so  lar  .is  the  presence  of 
the  organism  with  wliich  the  animal  was^  inoculated  is 
concerned,  and  by  both  culture  and  microscopic  methods 
it  is  possible  to  detect  them  only  at  the  site  of  inocula- 
tion, where  they  were  deposited.  It  is  very  evident 
It  undvr  par- 
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that  we  have  here  a  condition  with  which  mechanical 
plugging  of  the  capillaries  could  have  had  no  connec- 
tion, for  there  are  no  organisms  in  the  blood  to  interfei^ 
with  its  circulation.    Our  hypothesis  then  with  r^ard 
to  the  condition  found  in  our  first  case  of  anthrax  is 
again  not  tenable.      Similarly,  if  an  animal  that  has 
died  of  tetanus  l>e  examined,  we  do  not  find  the  bacilli 
in  the  tissues  and  circulating  fluids  generally,  and,  in- 
deed, oflen  fail  to  find  them  at  the  point  of  injury. 
Plainly,  the  fatal  results  following  upon  inoculations 
with  the  diphtheria  and  the  tetanus  bacillus,  with  their 
accompanying  tissue-changes,  oc(uir  from  the  presence 
of  a  something  that  cannot  l)e  detected  by  either  cult- 
ural or  micrasciopic  methoils,  and  this  something  can  be 
only  a  soluble  substance  that  is  produced  by  the  growing 
bacteria  at  tlie  site  of  inoculation,  ^ains  access  to  the 
circulation,  and  through  this  chninicl  ciuisos  death,  for 
it  is  scarcely  to  be  imagined  that  the  insi^rnificant  wound 
made  in  the  course  of  inoculation  could  per  se  have  had 
this  effect.     In  otlier  words,  these  latter  animals  have 
died  from  what  is  called  toxannui  (poison  in  the  blood), 
a  condition  distinctly  different  from  ncptlcivmkt,  as  seen 
in  our  first  animal  dead  of  anthrax. 

There  are,  again,  other  infectious  diseases,  many  of 
which  are  known  to  present  variations  from  what  mi^lit 
be  considered  a  typical  course,  that  may  still  further 
ser\'e  to  support  the  view  that  infection  is  a  process  in 
which  the  mechanical  cfTect  of  orirJinisms  in  the  circu- 
lating fluids  is  of  little  consequence.  Conspienous 
among  these  are  the  infections  that  follow  upon  the 
introduction  into  the  tissues  of  suseejitihle  animals  of 
cultures  of  microvoccns  hincrohifii^^  (pnenmoeoeeiis),  of 
the  bacillus  of  chicken  cholera,  and  of  the  organisms  eon- 
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eemed  in  the  production  of  the  so-called  "  hemorrhagiu 
Bepticieniiii^."  When  running  their  normal  course  the 
specific  organisms  of  these  diseases  cause  typical  septi- 
Cffituias  in  susceptible  animals  ;  but  often,  from  causes  not 
entirely  clear,  tlie  animals  die  with  only  local  leaions,  or 
with  but  very  few  oi^uisras  in  the  internal  viscera.  We 
Bee  here  conditions  analogous  to  tJiuse  observed  in  the 
two  experiments  with  anthrax,  i-iz.,  we  find  a  group  of 
diseases  that  are  properly  classe<l  as  septiccemtas,  be- 
cause of  the  usual  general  invasion  of  the  body  by  the 
organisms  concerned  in  their  production,  but  winch 
frequently  assume  a  purely  local  character — in  iwth 
instances  proving  fatal  to  the  animal  infected.  From 
what  we  have  seen  it  is  manifestly  probable  that, 
wtietlier  these  diseases  be  designated  as  septiciemias  or 
as  toxffimias,  death  is  produced  in  all  instances  by 
poisonous  substances  that  are  generated  by  the  infecting 
bacteria.  In  the  case  of  typical  anthrax,  and  other 
varieties  of  septiesemia,  the  production  of  this  poison 
is  associated  with  the  general  dissemination  of  the 
oi^nisms  throughout  the  body;  while  in  those  infec- 
tions often  referred  to  as  toxsemias,  of  which  diphtheria 
may  be  taken  as  a  type,  the  poison  is  produceil  by  the 
organisms  that  remain  localized  at  the  site  of  invasion, 
and  is  thence  disseminated  throughout  the  body  by  the 
circulating  fluids.  Infection  tliHB  far,  tlien,  apjwars  to 
be  a  chemical  process. 

Through  special  investigations  that  have  been  made 
uimn  the  products  of  growth  of  certain  pathogenic  bac- 
teria this  opinion  receives  further  confirmation  ;  it  has 
been  found  possible  by  the  use  of  appropriate  methods 
to  isolate  from  among  the  mass  of  material  in  which 
certain  of  these  organisms  have  been  artificially  culti- 
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vated    substances   Avhich,   when    separated     from    the 
bacteria   by   which   they   were   produced,    possess    the 
power   of  causing    in    animals   all    the   constitutional 
symptoms  and  patholojjical   tissue-changes   that   occur 
in  tlio  course  of  infection  by  the  organisms  tlienisclves. 
In  some  instances  these  j>oisons — toxins/  as  they  are 
collectively  called — appear  to  be  the  direct  r<.»sult  of 
metabolic   changes   brought  about  by  bacteria   in   the 
medium  or  tissues  in  Avhich  they  may  l>e  developing — 
/.  r.,  they  are  products  of  nutrition  that  pass  readily  into 
solution,  as  is  conspicuously  seen  in  the  case  of  the 
bacillus  of  diphtheria  and  of  tetanus  when  under  both 
artificial  cultivation  and  in  the  animal  body.      IVIany 
bact<iria  which  do  not  j)ossess  the  power  of  generating 
or  secreting  such  poisons  may,  nevertheless,  have  inti- 
mately associated  with  their  protoplasmic  bodies  poison- 
ous su])stances  that  can  only  be  isolated  by  particular 
methods;  thus  the  toxins  of  haci/Iua  tnherciifoiiis  anil  of 
spirillnni  chnlvnr  AHinfh'w  are  much  more  conspicuously 
present  in  the  protoplasm  of  these  i)acteria  than  in  the 
fluids   in  which   they   have  grown ;  and   Buchner   has 
isolated    from    s(^veral    species    of   bact(»ria    "bacterio- 
proteins"  having  the  common  propc^rties  of  solubility 
in  alkali(^s,  resistanee  to  the  l)oiIing  temperature,  attnu?- 
tion  of  leucocytes  (])ositive  chemotax is  *-),  an<l  pyogenic 
]>owers. 

TJiere  is  as  yet  little  agreem(»nt  of  opinion  as  to  tlic 
chemical  nature  of  toxins ;  but  it  is  probable  that  the 

•  Tlio  U'rni  ''toxins"  is  coniiiKmly  Jippli«Ml  to  innorphous,  nitrogenous 
poisons  j>nMlurr(l  by  ]):u'tori;i  in  both  livinj;  tis.sin's  and  dead  sulistiuicos ; 
whib\  on  tho  other  lian<l,  "ptonia'ins"  r(l:it<'s  to  t'ri/stnlliznble,  nitroff- 
onons  jMUsons  that  an*  lortn<Ml  in  dead  tissue.  an<l  **  h'ucomjiins*'  to 
poisonous  aTid  n<in-poi<onous  alkaloidal  bodies  that  o<rur  in  living 
tissues  as  a  result  of  phvf^ifdoj^ical  njetabolisnj. 

^  Sec  Chcniotjixis. 
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proiip  conipriiws  different  borlies  of  the  nature  of  globii- 
liiis,  iiiieleo-albuiuins,  puptoaes,  albittuodes,  and  enzymes 
or  iiTiuenla. 

Toxic  ptomams  are  probably  not  eonspicnously  con- 
cerned in  producing  tbe  eliamcteristic  symptoms  of 
iofwition,  as  they  are  absent  from  cultures  of  oertain 
highly  pathogenic  bacteria. 

In  some  instances  the  production  of  poisonous  prin- 
ciples, even  under  artificial  conditions  of  cultivation,  \s 
most  astonishing,  and  poisons  result  that  in  the  degree 
of  their  toxicity  exceed  anything  hitherto  known  to  us. 
For  instance,  the  potencies  of  ihe  poisons  that  have 
been  isolated  from  cultures  of  Ihi/^UIiis  d'tphiheniB  and 
of  the  baeillns  of  tetanus  have  been  carefully  deter- 
mined by  experiments  ujK)n  animalii,  and  it  has  been 
foun<l  that  0.4  milligramme  of  the  former  is  capable  of 
killing  eight  guinea-pigs,  each  weighing  400  grammes, 
or  two  rabbits,  each  weighing  3  kilogrammes  (Roux  and 
Ycrsin ') ;  and  that  0.0001  milligramme  of  the  latter 
will  produce  tetanus  in  a  mouse,  with  all  the  character- 
istic manifestations  of  the  disease  (Brieger  and  Cohn*).' 

Briefly  stated,  the  invasion  of  the  body  by  infective 
micro-organisms  may  beet  be  conceived  as  a  contest 
between  the  invading  organisms  on  the  one  side  and 
the  resisting  tissues  of  the  animal  body  on  the  other ; 
the  weapons  of  offence  of  the  former  being  the  poison- 
ous products  of  their  growth,  while  the  means  of 
defence   possessed   by  the   latter  are  vital   substances 

■  AQDalea  de  I'lnslitut  Pasteur,  ISBn,  tome  iii.  p.  2ST. 

'  aitachria  flit  Hygiene  und  InfDlttionsknuikheilcn.  1393,  Bd.  ry. 
Heftl. 

'  By  Ihu  use  of  more  recently  devised  mntliods  wo  are  euahled  to 
increase  Ktill  further  tbe  toxieity  of  these  poisuna;  espectftll;  ia  ILia 
tha  cine  witli  rGgard  to  the  diplitheria  toiin. 
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which  act^  so  to  speak^  as  antidoteB  to  these 
If  the  tissue-elements  are  not  of  soffioient  vigor  to  . 
destroy  the  invading  bacteria  or  to  render  inert  the 
poisons  produced  by  them^  the  bacteria  are  victoriow  - 
and  infection  results;  on  the  other  hand^  if  there  be 
failure  to  excite  a  condition  of  disease^  the  tissnes  are 
victorious^  and  are  then  said  to  be  residant  to  or  tmmiifitf 
from  this  particular  form  of  infection. 

In  some  cases  the  animal  antidotes  act  directly  upon 
the  invading    organisms   themselves — L  «.,    they   aie 
germicidal;   in  others  their  function  is   more  that  of 
antidotes,  or  neutralizers  in  the  chemical  scnse^^fbr  the 
poisons  produced  by  these  organisms,  the  organisms 
themselves,   in    certain    instanO'CS,   experiencing    only 
slight  injury  from  a  limited  sojourn  in  the  living  tissues. 
To  the  substances  possessing  the  germicidal  functions 
that  arc  normally  present  in  the  animal  body  Buchner 
gives   the   name   "alexins,"   and    Hankin   ** defensive 
proteids;"   wliilc  to  those  ill-defined  elements  of  the 
body  tliat  act  more  directly  upon  the  soluble  bacterial 
|K)isons  tlic  name  "  antitoxins  "  is  now  generally  applied. 
Unlike    the    alexins   of   Buehuer  and   the   defensive 
proteids  of  Hankin,  it  is  only  occasionally  that  anti- 
toxic  activities    are    demonstrable    in   normal    living 
tissues  as  a  congenital  (characteristic  ;*  in  the  majority 
of  <^scs   they  are   consj)icu()usIy  present  only   as   an 
acquired   pt»culiarity.      Our    acquaintance   witli   these 
iKxlies  extends   little  further  tlian  their  physiological 
functions  and  some   of  the  means   that  induce  their 

'  See  I^lton :  Tranmctions  of  Association  of  American  Physiciaiia, 
18WJ,  vol.  xi.  p.  G2.  Pfciffer :  DtMitschc  mcd.  Wochcnschrift,  1896,  No.  8. 
FiM'hl  and  v.  Wnnschheim :  (k.'ntrulblutt  fiir  Baktoriologie,  Parasiten- 
kiindo,  iind  Infoktionskranklioiton,  lh1H>,  A1)t.  i.  Rd.  xiz.  S.  658. 
Wassemiann  :  fierUncr  klin.  Wochonscbrift,  18J)y,  No.  1. 
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generation.  We  havp  nu  aatisfactory  kiiowledgt;  of 
tiit'ir  intimate  nature  or  of  tiie  priiuary  sources  of 
their  prodiiction.  They  are  believuil  by  some  (Buch- 
ner'  and  Metcbnikoff^)  \a  represent  bacterial  toxins 
that  have  been  converted  through  tlie  vital  activity  of 
the  integral  celk  of  the  body ;  and  Roux'and  Bueh- 
ner'  hold  that  they  exhibit  tlieir  protective  functions 
less  by  direct,  destructive  combination  with  the  toxins 
than  by  a  specific  stimulation  of  tlie  tiasne-celU  that 
enables  the  latter  to  resist  the  liarmfid  influences  of 
the  poisonous  bacterial  products.  On  tlie  other  hand, 
Behring,'  Ehrlich,'  and  their  associates  contend  that 
they  are  vital  tisaue-elements  {"  toxophoi-es,"  Ehrlich), 
having  tlie  property  of  combining  directly  with  the 
toxins  to  form  "physiologically  neutral"  toxin-anti- 
toxin compounds  that  are  in  a  manner  analogous  to 
the  double  salts  of  certnin  chemical  reactions. 

It  is  a  common  observation  that  many  human  beings 
and  animals  are  less  susceptible  to  the  different  forms 
of  infection  than  are  others';  and  that  particular  species 
of  animals  not  only  do  not  suffer  natumlly  from 
certain  specific  diseases,  but  resist  all  efforts  to  pro- 
duce tlie  diseases  in  them  by  artilicial  methods ; 
in  other  words,  they  are  vatumlly  immune  from 
them.  The  term  "natural  immunity,"  as  now  em- 
ployed, implies  a  congenital  condition  of  the  indi- 
vidual or  species,  a  condition  peculiar  to  his  idioplasm, 

■  Bnchnpr:  Hunchener  med.  Wochcnscbrift,  IgW).  Nos.  'U  Biid  2S. 
'  Mptchnlkoff:  Weil's  Handhurh  der  Uygiooe,  Bd.  is.  Licrerang  1. 
>  Hi'iix  1  Annalea  ile  I'Instillit  Pnslollr,  IHM,  p.  72i. 
'  BunhnFr:  Brrliner  Uin.  Wochonwhrift,  18tH,  No.  4. 
'  Bphrirg:  Infektion  und  Desiiifektion.  I^p^.  1894.  H.  218. 
•  Ehrlich  :  Klln<iHibes  Jnlirliiicli.  1897,  Bd.  vi.  Uvtl  2,  S.  311.    Fort- 
Bohritte  di^r  Modicin.  189T,  Bd.  iv.  No.  2. 
S2 
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\v]ii(!h  luis  luKMi  transmittod  to  him  as  a  tissue-charac- 
teristic tlirough  gcnomtions  of  progenitors. 

Again,  it  is  oftoii  observed  that  an  individual  or  an 
animal  after  having  recovered  from  certiiin  forms  of 
infection  has  thereby  acqnircd  protection  frt>ni  siihse- 
<inent  attacks  of  like  character;  in  other  wonls,  tliev 
are  wiid  to  have  (uujnired  immnnUy  from  tlii.s  dist^j?e. 
"Acquired  immunity"  implies,  therefore,  a  condition 
of  the  tissues  of  an  individual,  not  of  necessity  iKKituliar 
to  other  members  of  the  race  or  siweies,  tliat  lias 
originated  during  his  life  from  the  stiniuhition  of  his 
integral  (^ells  l)y  one  or  another  of  the  specific,  infective 
irritants  that  may  have  been  purposely  intnxlueeil  or 
acH'identally  gtiined  a(^cess  to  his  Ixxly. 

Th(j  ju'oblem  involving  the  exjJanatiou  of  tlie  fore- 
g(ung  interesting  i<leas  and  observati<ms  lias  affonled 
material  for  reHeetion  and  hy))othesis  for  a  lonir  time. 
It  is  only  throngli  investigjitions  conducted  during  re- 
cent years  that  it  has  met  with  anything  approacJiing 
satist'aetory  solution,  and  even  now  th(M'<»  rt^nain  a 
number  of  ini])ortant  points  that  are  veiled  in  ol>.sonritv. 

('oMs|)ieMous  among  the  ()l)servers  who  have  t»ndeav- 
ored  to  explain  tlie  nuKhis  npcrtfiuH  of  innuunitv  niav 
be  mentioneil  Chauveau,  Pasteur,  ^Fetchnikofl',  J^uoh- 
ner,  Fliigge  and  his  j)U|)ils  (Smirnow,  Sirotinin,  Hittt-r, 
Xuttall),  Kodor,  Maukin,  IMeiffer,  Khrlich,  Rohring, 
Ivoux,  and  a  host  of  otliers  whose*  names  are  moro  or 
less  prominent  in  current  literature.  In  the  following 
])ages  w<'  will  ])resent  bri<*fly  the  result  of  investigations 
bv  these  various  authors. 

In    ISSO  dijuiveau  '  sugg<'sted  an  ex]>Ianation  for  the 
|)henomenon  of  immunity  that  has  since  been  known  as 

^  (■oiiiptfs  rt'iHlus.  vU'.,  .July.  1>H),  No.  iU. 


I 


) 


INFECTION  AND  TMMUNIT7.  499 

{k\(>  " rclejiiion  /n/pothe»i«."  It  is,  in  Khorl,  as  follows: 
tliat  thf!  imnitinity  commonly  sevn  to  exist  in  animals 
that  have  passed  through  an  nttack  of  infection  from 
a  siibecqiient  outbreak  of  the  satnc  malady,  and  likewise 
the  immunity  that  has  betn  pnxhiccd  artificially  by 
vaccination,  exist  by  virtue  of  «>me  bacterial  product 
that  has  Iieen  retained  or  ilrpmriM  in  the  tisMicft  of  thoeo 
animals,  and  that  this  prwluct  by  its  presence  prevents 
the  development  of  the  same  urgunisms  if  they  shonld 
subsequently  gain  access  to  tin.'  Inidy. 

Bearing  upon  this  view  the  cxpiTiments  of  Sirotinin,' 
made  witli  culturee  of  various  ]Hitliog(>nie  l>acteria, 
demonstrated  that,  in  bo  fur  as  cuitiire-exiH'riments  wen? 
conccrnt'd,  tlit  only  substance  producetl  by  growing 
bacteria  that  could  he  in  any  way  inimical  to  their  further 
development  were  substances  that  gave  rise  to  altera- 
tions in  the  reaction  of  the  medium  in  whieli  they  were 
developing — i.  e.,  aeids  or  alkalies  priHluced  hy  the  Ibic- 
teria  themselves.  So  long  as  the  organisms  were  not 
actually  dead  from  cx|Misnre  to  these  substances  correc- 
tion of  the  nhnonniil  reaction  was  followed  by  further 
development  of  the  organisma  Hirotinin  also  states 
that  materials  containing  the  pnxluctM  of  growth  of 
bacteria,  eo  long  a»  they  are  mnintaimd  at  n  neutral  or 
only  sliglitly  alkaline  nwtion,  werve  very  well  as  media 
u]wn  which  to  cultivate  again  the  same  organism  that 
pHwluced  them,  providing  the  nutritive  elements  have 
not  Ijeen  entirely  exhausted.  lie  remarks  that,  if  tn  such 
a  concentrated  form  as  we  find  the  life-prodm-ts  of  Iiac- 
teriu  in  the  medium  in  which  they  are  growing,  no  inhil>- 
itory  compounds  other  than  aeids  and  alkalies  are  to 
l)e  detected,  it  is  hardly  probable  that  they  are  producwl 
■  ZcitM'liiitt  tHr  HrKiviiv,  1880.  Ud.  U. 
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in  the  tissues  of  tliti  living  animal,  and  retained  tliere, 
to  a  degree  siifRcieiit  to  prevent  the  grovrtli  of  bacteria 
that  may  siibsequently  gain  entrance  t^)  the^e  tissues, 
aft«r  the  di^ippeanince  of  the  orgauismg  concerned  in 
the  primary  invasinn.  On  the  other  hand,  Salmon  and 
I,'  Ronx  and  Chamberiand,'  and  others  liad 
demonstrated  that  a  sort  of  immunity  against  certain 
forms  of  infection  may  be  afforded  to  susoeptihic  ani- 
mals by  the  injeetitm  into  their  tissues  of  the  pnKliivtH 
of  growth  of  particular  ot^nisms  which  would,  if  them- 
selves introtliiced  into  the  animal  body,  proiince  &tal 
results.  Though  this  observation  of  Salmon  and  HmiUi 
attracted  comjiaratively  little  attention  at  the  time  it 
was  made,  it  tierves,  nevertheless,  as  we  shall  ece  sab- 
Bequcntly,  as  the  starting-point  fur  a  line  of  inveMigtttioa 
that  has  furnished  practically  all  the  information  of  im- 
portance that  we  possess  on  this  complicateil  subject. 

As  opptwed  to  the  view  of  Chauveau,  Pasteur*  and 
certain  of  his  pupils  believetl  that  the  immunity  fre- 
quently afforded  to  the  tissues  by  an  attack  of  infection 
or  following  uiw)n  vaccination  f^innt  infection,  was 
due  rather  to  an  abdradion  from  the  tissues,  by  the 
mimuisms  tliat  were  concerned  in  the  primary  attack, 
of  a  something  that  is  necessary  to  the  growth  of  the 
infecting  ot^nism  should  it  gain  entrance  to  the  body 
at  any  fuhseqiient  time.  This  view  is  known  as  the. 
"  arhaudion  /iifpotlireis." 

As  to  the  exhaustion  hypotheHis  of  Pastenr.  there  is, 
as  yet,  no  evidence  whatever   for  its  support;  and,  in 


•  rm(M3iMliiigi  of  the  Ilvi.lngiral  9i)cioty,  Wuhlngtvn,  D.  C.  less, 
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i'ai-t,  ill  the  light  shed  by  more  recent  inveritig-.itiiiiis  this 
iM  itrolmltly  tlie  least  tenable  of  any  of  tlie  several  hy- 
[Kttiieses  udvnueed  in  explanation  of  this  most  com- 
plicitted  phenomenon.  The  work  of  Bitter,'  which  was 
undertaken  with  the  view  of  determining  if,  in  tlie  proc- 
eas  of  acquiring  immunity,  there  occurred  this  ex- 
haustion from  the  tisanes  of  material  necessary  to  the 
growth  of  liactcria  that  might  gain  eutrauee  to  them  at 
some  later  date,  gave  only  negative  result-!.  The  flesli 
of  animals  in  which  immunity  had  l)een  produced  con- 
tained all  the  elements  necessary  for  the  growth  and 
nutrition  of  the  bacteria  against  wliich  the  animals  had 
been  protected,  just  as  did  the  flesh  of  non-vaccinated 
animals. 

1884  Metchnikoff'  publislie<l  the  first  of  a  series 
of  obHcrvatious  upon  the  beliavior  of  certain  of  the 
mesodermal  cells  of  lower  animals  toward  insoluble 
particles  that  may  be  presejit  in  the  tissues  of  these 
animals.  The  outeonie  of  tliese  investigations  was  tlie 
establishment  of  Iiis  well-known  doctrine  of  phaj/o- 
cjftosM,  the  principle  of  which  is  that  the  wandering 
cells  of  the  animal  organism,  the  Icuctwytes,  )K)sseRS 
the  property  of  taking  up,  rendering  inert,  and  di- 
gesting roicro-oi^rjuiisma  which  they  may  encounter 
in  the  tissues.  Metchnikoff  l)elieve<l  that  in  this 
way  immunity  fnim  infection  may  in  many,  if  not 
all,  cji.se8  be  explainiMl.  He  believed  that  suscepti- 
bility to  or  immunity  from  infection  was  essentially  a 
matter  between  the  invading  bacteria  on  the  one  hand, 
and  tlie  leueoej-tcs  of  the  tiasiies  on  the  other.   The  sue- 


Zflilaphrift  nir  Hyiripne,  ISSS,  Bd.  iv. 

Arbeiten  atii!  clem   ZooloKiwhcn    Imtltut  ilpr  UniTcraitfit  Wien, 
18B4,  Bd.  V.    f  vrttchritW  der  Uodiciu,  1884,  Bd.  ii. 
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ct'ss  or  fjiilure  of  the  leucocytes  in  protecting  the  animal 
a[r«""''^t  infection  deix^nds,  according  to  this  doctrine, 
entirely  ii|K)n  the  efficiency  of  the  provisions  possessed 
by  tlieni  for  de.stn)ying  bacteria.  When  these  meaas 
are  of  sufficient  vigor  to  bring  about  the  death  of  the 
bacteria  th(i  tissues  are  victorious ;  but  when  the  poii^ons 
generated  by  the  bacteria  are  jwtent  to  arrest  the  pha- 
g<K;ytic  action  of  tlie  leucocytes  then  the  tissues  succumb 
and  infection  results. 

Has  this  doctrine  of  phagocytosis,  as  advanced  bv 
Metchuikoif,  st(K)d  the  test  of  exi>eriniental  criticism? 
Eviden(*e  that  has  accrued  since  the  time  of  its  sugges- 
tion has  rendered  <iuestionable  the  advi8al>ilitv  of  its 
uncoixlitional  ad(>]>rion  in  the  sense  that   Metchnikoff 
proj^ounded  it.     The  later  studies  of  a  number  of  in- 
v<*sti<rMt<)rs    indicMtc  that   while   the   leucocytes    plav  a 
most  ini|)(>rtant  ])ju't   in  the  ])heiH.)nienon  of  inununitv 
it  is  lianlly  likely  that  this  always  occurs  thix>ugh  their 
takinu'  n|>   within  tlicnisclves  and   di^^esting    invading 
bacteria,  as  Metclinikoir  believes;  but  nither  tluit  their 
])art  in  the  process  is  to  s(»er(»te  ])roteetive  chemical  sul)- 
stances  that  are  thrown  into  the  circulating  blood,  and 
which,  in  part  at  least,  coni]>rise  the  defensive  bo<lies  to 
which  l>uchner  has  niven  the  name  "alexins."* 

The  lirst  severe  blow  that  Metchnikoff 's  tbeorv  of 
])hai;ocytosis  received  was  given  by  Xuttall,^  in  his 
work  u])on  th(^  bactericidal  property  of  the  animal  econ- 
omy. In  these  experim<»nts  Xnttall  showed  positively 
that  th(»  destruction  of  virulent  bacteria  in  the  blood 
of  animals  was  not  ne<'essarily  de])endent  U|^)n  the 
actual  presence  of  living  leucMxytes,  hut  that  the  serum 

'  S«'o  llalni :   Arrliiv  fiir  lly^'lonr.  lMr>.  IM.  xxv.  S.  105. 
»  Zeitsthrift  fur  HyKiono,  IHSS,  lUl.iv. 
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of  tile  blood  wheu  quite  free  from  celtiikr  clemt-uts 
puasessed  thia  power  to  a  dcgrtie  eqimt  to  that  of  the 
blood  wbeu  all  tbu  constttueut  parts  were  present.  In 
the  blood,  as  ftuch,  phagocytosis  could  be  seen  ;  but,  aa  u 
rule,  the  bacteria  presented  evidence  of  having  under- 
gone degenerative  changes  before  they  had  been  taken 
up  by  the  wandering  cella — /.  e.,  the  bacteria  had  evi- 
dently been  injured  or  killed  by  the  tiuids  before  they 
were  attacked  by  the  phagocytes. 

Contrary  to  the  beliefs  in  exiBtenee  at  the  time, 
Traiibe  and  Gschcidlou,'  as  far  back  as  1874,  demon- 
strated that  considerable  quantities  of  septic  material 
could  be  injected  into  the  circulation  of  warm-blooded 
animals  without  apparently  any  effect  upon  the  animal. 
Particularly  was  this  the  case  witli  dogs.  If  tlicy  in- 
jected into  the  circulation  of  a  dog  as  much  as  1.5  o.c. 
of  decomposing  fluid,  blood  drawn  from  the  animal 
after  from  twenty-four  to  forty-eight  honrs  Khowed  no 
special  tendency  to  decompose,  though  it  was  kept 
under  observation  for  u  long  time.  As  a  result  nf  these 
experiments,  the  question  tlmt  naturally  presented  itself 
was:  Does  the  animal  organism  possess  the  power  of 
rendering  septic  organisms  inert,  and  if  so,  to  what 
extent?  They  believed  this  power  of  rendering  living 
organisms  inert  to  be  possessed  by  the  circulating 
blood  to  only  a  limited  degree,  for  after  the  injection 
of  much  lai^r  amounts  of  the  putrid  fluid  into  the 
blood  of  the  animal  death  usually  ensued  in  from 
twenty-four  to  forty-eight  hours.  The  blood  drawn 
from  the  animal  just  before  death  contained  the  living 
bacteria  of  putrefaction  and  underwent  decomiKMition. 
They  attributed  the  germicidal  phenomenon  to  the 
>  Jahnab,  der  Schleaiwhen  Qce.  fur  Cultar.,  ISIi ;  Jshi.  iil.  p.  179. 
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action  of  tlu;  ^S)zonize(l  oxygen  of  the  corpuscles  of  the 

bl0(Kl." 

Similar  obscTvations  were  made  in  1885  by  Fodor,' 
w'lio  remarks  ujx)u  the  rapidity  with  which  living  bac- 
teria disappear  from  the  circulating  blood  of  animals ; 
and  Wyssoko\vit8ch,-  who  endeavored  to  explain  this 
disjippearance  experimentally,  went  wide  of  the  mark 
by  concluding  that  they  were  filtered  from  the  blood 
and  digeste<l  by  the  pan»n(^hymatous  tissues. 

In  1882  Hauschenbach^  demonstrated  that  when  in 
the  process  of  coagulation  fibrin  was  formed,  it  was  not 
as  a  sjx'cific  product  of  the  action  of  the  colorless  ele- 
ments of  the  bloml  alone,  but  also  as  a  result  of  the 
coml>ined  action  between  all  animal  prt>toplasms  and 
healthy  blood-plasma,  and  that  in  the  pnxjess  there  was 
always  a  disintcj^ration  of  the  leucocytes  present.      In 
1884  (Jroth  '  dcnioustratcMl  further  that  such  a  disinte- 
gnition    of   leucocytes   occurred    in  normal  circulating 
blood,  tliouirh  here  it  was  not  accompanied  by  coagula- 
tion.    The  results  of  these  observations  suggested  the 
(juestiou  :   I>oes  such'  a  (]isint(*gration  occur  when  vet/e- 
(fih/c  ]>rotoj)l;isni  is  iutr<Mluee<l  into  the  blood? 

For  the  purp(»se  ol'aus\veriugihis(piesti(»n,Grohmann,* 
a  pu]»il  of  Alexander  Schmidt,  undertook  to  study  the  ac- 
tion of  the  circulating  bloo<l  upon  the  vegetable  proto- 
plasm of  bacteria.     He  noticed  that  clotting  of  the  blood 

'  Fodor :  Archiv  fiir  Ily^inir,  IM.  iv.  S.  1'21). 

^  Wyssokowitscli :  ZcitM-hriTt  fiir  IIy;iirn('.  lss<>,  S.  3. 

^  r«brr  <n<'  Wfclisclwirkun;:  zwixlicn  Prot<»])lasinji  iind  niutplasma. 
Disscrliitioii.  Dorpat,  \f<f^'*. 

*  rt'l)rr  (lir  Scliirksilo  i\vr  farblosrii  Klrmontr  in  kroisondem  Blut. 
Di'^M-rtatioii.  Dorpat.  ]>^1. 

^  \\']ht  iViv  Kiiiwirkuii;;  ilr>  zoUcnfrcieu  Rlutplasnia  auf  einige 
ptlaiizliclu'  MiknMir>;anism(Mi.     Dissertation,  Doquit,  1SS4. 
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(if  the  horse  was  very  mucli  aeceli'ratt'd  bv  the  additiun  to 
it  of  wrtain  bacteria ;  that  at  the  same  time  the  develop- 
ment of  the  bactem  was  checked,  and  in  the  case  of  the 
{tathogenic  varieties  their  virulence  was  diminished. 
Tliis  was  partieulurly  the  caue  when  the  anthrax  baeil- 
luH  was  employed. 

Clrohmann  seemy  to  have  appreeiated  the  nignilicance 
of  this  observation,  though  he  made  no  attempt  to  Btudy 
the  subject  more  cloisely.  He  remarks  that  the  system 
probably  possesses,  in  the  plasma  of  the  bhjnd,  a  l>ody  hav- 
ing disinfectant  properties,'  His  observations  on  this 
ixirtictilar  jwint  were,  howe\er,  only  inciileiital,  and  it 
ivas  not  until  the  resean-hes  of  Nuttall,  diri'<;led  especi- 
ally t<>ward  the  (juestion  of  germieidal  pi-operties  of 
normal  animal  ilnids,  that  a  complete  and  acceptable 
demonHtmtion  of  this  important  function  was  fortheoni- 
ing,  and  that  a  general  interest,  cummensunite  with  its 
importance,  was  created  in  the  subjoct. 

Nuttall'a  results  received  continnation  from  all  sides. 
Fodor,"  Buchner,*  Liibarsch,*  Nissen,*  Stern,'  I'nidden,' 
Charrin  and  Roger,'  and  many  others  eontinticd  in  the 
Bume  line,  and  all  mmie  praetieally  the  same  observation. 

After  the  demonstration  by  Nuttall  that  the  serum 
of  the  blood  was  directly  detrimental  to  the  vitality  of 
certain  pathogenic  bacteria,  a  number  of  investigators 
undertook  to  determine  the  conditions  most  favorable  to 
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'  Central,  fur  BakU'ri«li«ie  avA  ParagiWiikuBde,  18flO.  Rd.  vii.  No.  21. 
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the  exliil)iti()ii  of  tliis  plienoiiienon,  and  further  to  de- 
cide i4>on  tlie  constituent  of  the  si*ruiu  to  which  this 
proixjrty  is  due,  or  if  it  is  a  function  of  the  senim  only 
as  a  whole. 

In  the  course  of  Buchner's  experiments  it  was   de- 
monstrated tliat  the  serum  was  robbed  of  this  property 
by  exi>osure  to  a  temperature  of  55°  C.  for  lialf  an 
liour ;  that  it.s  efficacy  as  a  germicide  was  not  diniin- 
islieil  by  alternate  frcezinj^  and  tliawing;  tliat  by  dialy- 
sis or  extreme  dilution  with  distilleil  water  its  gerniicidal 
activity  was  diminished   or  completely  checked  ;    hut 
that  an  etpial  dilution  could  be  made,  if  soiliuni   chlo- 
ride solution  (0.()-0.7  [kt  cent.)  was  substitutcil  for  the 
distilled  water,  without  a  reduction  of  its  bju^tericidal 
activity.     From  this  he  conclu(h»d  that  the  active  do- 
ment  in  this  ])licn<)men<>u  is  a  livin<^  albumin,  an  essi^n- 
tial  constituent  (»f  which  is  sodium  chloride,  and  which, 
when  r<)l)bcd  (»f  this  salt  cither  bv  dialvsis  or  dilution, 
becomes  inert  in  its  behavior  towanl  bacteria.     For  this 
or  these  <r<'i'uiicidal   constituents  of  the  blood   he  sii^- 
^(»stc<l  the  name  *' alexins." 

Jinchncr  found,  moreover,  that  the  activity  of  the 
serum  alone  ai::ainst  bact<'ria  was  greater  than  when  the 
cclhihir  elements  of  the  blood  were  present.  This  he 
exj)lains  l)y  the  assumption  that  in  the  scrum  alone  the 
<^ermicidal  clement  j)rcdominate-,  whereas  in  the  bUxMl, 
as  such,  outside  ot'  the  body,  it  is  still  present,  but  its 
intluence  is  connteracted  bv  the  nutrition  oflennl  to  the 
bacteria  bv  the  disintcirrated  cellular  elements;  so  that 
hcH'  the  nutritive  feature  is  most  consj)icu(»us  and  the 
destructive  aetivitv  toward  bacteria  i>  less  efrectual. 

A  closer  studv  of  tln'  nature  ot'  thi>  germicidal  ele- 

a 

ment  in  the  ImmIv  of  animals  was  made  bv  Hankin 
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Murtiii.'      Tliu-  t'uniKT   kulntvd   from  tlie 
lyniplmtic  gluDils  u  bwly — a  gloVmliii — wliicli   in  solu- 
tion jKiseesees  germicidal  properties. 

Similar  germicidal,  iermeiit-Iike  glulmliiis  Imvf  betui 
isolated  from  the  Mood  by  (Jgata/  and  in  their  studies 
upon  tetanus  Tizzoni  and  Cattani '  found  a  body  that 
was  antufftinistic  to  the  poison  produced  by  the  organism 
of  this  disL-asL-. 

In  1890  Fodor*  showed  that  the  fatal  results  of  an- 
thrax infection  ciinld  be  materially  retarded  hy  alkalini- 
zatiou  of  the  circulating  blood ;  and  he  further  states 
that  it  is  occasionally  possible  by  the  administratiiin  of 
alkalies  per  os  to  rescue  anlmaU  already  infected. 

According  to  the  observations  of  Vauglinn,'  the  most 
imiNtrtant  germicidal  or  protective  agents  possessed  by 
the  body  are  the  nuclctns ;  an<l  Kossel  has  shown  that 
the  cholera  vibrio,  streptococcus,  Ktaphylococcus,  and 
typhoid  bacillus  are  destroyed  by  0.5  per  cent,  solution 
of  lUicleinic  acid. 

Hankin  believes  the  globulins  or  "defensive  pro- 
t«ida"  that  he  has  discovered  and  the  albnminoid 
Ijodies  studied  by  Buchner  to  be  identical.  The  most 
interesting  and,  In  the  lij^ht  of  work  that  has  appeared 
since,  the  most  iniportaut,  of  Hankin's  observationa 
were  not  those  upou  the  power  of  these  globulins  to 
destroy  the  vitality  of  living  organisms,  but  ratlier 
those  upon  the  relation  between  them  and  the  poison- 
ous  metabolic   products   of  growth  of  the  organisms. 

'  British  MecHcal  JouruHl,  Maf  31, 1S90. 

'  Ccntralblntt  fur  Bakteriolngie  und  Pamsltcnkunde.  ISO),  vol.  Ix, 

'  Ibid.,  p.  685. 

'  Fr)aor:  Centmlblatt  far  Baktpriuli.(!i«,  1890,  Bd.  vii.  8,  753-766. 

°  Vatigliali :  Medical  News,  May  SO,  1S03. 
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For  example,  if  the  poisonuw;  prodiicte  of  riruUTd 
anthrax  bacilli  be  isolated  and  mixed  with  the  glob- 
ulin extracted  froro  normal  tissues,  the  experiments  of 
Haukin  showed  a  directlr  detttnictive  action  on  th<>  part 
of  the  hact^riul  products.  He  found  tliat  the  amount  of 
poisonous  albumosc  produced  by  the  attrmutted  authnuc 
bacilli  employed  as  vaccines  was  much  Icfw  than  that 
produced  by  organisms  possessing  full  virulence;  and 
lie  BUg^sta  tliat  perhaps  the  protective  inHnencc  of 
vaccinations  that  arc  practised  by  introducing  into  the 
animal  the  oi^ntsms  that  have  been  attcntuatpd  in  vir- 
ulence is  due  to  a  gntduiil  tolerance  acquired  by  the 
cells  of  the  tissties  to  the  action  of  the  jxiison  whea  . 
produced  in  these  small  quantities;  in  the  bb 
that  a  tolerance  was  aequinxl  by  the  tissues  for  tlierV 
venom  of  the  rattlesnake  in  the  experiments  of  Bewail ' 
(and  more  recently  in  the  work  of.  Frawr,'  (^Imctte, 
Weir  Mitchell,  and  others),  and  similar  to  that  follow- 
ing the  injection  into  the  tissues  of  small  quantities  of 
liemialbnmose,  which  in  large  amoimti*  rapidly  proves 
fatal. 

Of  utmost  importance  to  these  investigations  upOD 
the  hlood  and  fluids  of  the  body  are  the  cxperimeDtB 

'  Journal  of  PbysioluRy,  1837,  nil.  vii.  p.  803. 

■  One  of  tlie  importunt  results  at  Fragrr'tt  itiidin  la  the  4cinaiwt«»- 
tiiiu  that  the  bile  or  nnrmal  KTpfDtB  and  of  certain  warm-l^aodcd 
■ninmls,  notably  bovines.  rabbits,  snd  ttiiineB-piKs,  w  imtilnilr  ftNF 
Ecrpcnt  venom.  The  antilnxir  imlu»  nF  thd  bii«  in  this  conntctiaii 
seems  to  be  fairly  coiiiparable  lo  thnt  of  other  antitoxins  obtained 
from  thi^  blooil  of  artilidally  immuniinl  nninuls.  It*  Artion  b  not 
only  propbylactfr,  bnt  alio  onrntive.  Fraset  havinK  succeeded  In 
rescuing  animnU  by  the  injwtion  of  bile-i'itract  thirty  mlnntia  Bfler 
they  hod  reteivwl  wli»t  would  otherwise  have  been  ■  fiital  dflw  of 
cobm  poiMD.  itiec  CVnlnlhbtt  fijr  Buktcriologie,  1897,  Bd.  xxU.  S. 
ISO.) 
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of  Beliring  and  Kitasato'  upon  tlie  prodnction  of  im- 
munity from  U'tauus.  Id  their  studies  uimii  the  blood 
of  animals  subjected  to  these  experiments  it  was  found 
that  it  was  not  only  possible  to  render  animals  immune 
from  this  disease,  but  thai  tlie  sennii  of  the  blood  of 
these  immunized  animals  afforded  iramunitj  when  in- 
jected into  the  peritoneal  cavity  of  other  animals  that 
had  not  been  so  protected ;  and  moreover,  that  in  some 
cases  tbis  serum  possessej*  curative  powers  over  the 
disease  after  it  has  been  in  pnigress  for  a  time.  They 
found,  further,  that  the  senim  of  animals  tliat  bad  been 
rendered  immune  from  tetanus,  when  brought  in  con- 
tact with  the  poison  of  tetanus,  completely  destroyed  its 
(wisooouH  properties,  and  that  the  serum  from  animals 
or  from  human  lieingH  that  do  not  ])ossGMa  imMUUity 
from  this  disease  has  no  such  power. 

The  demonstration  by  Behring  and  Kitasato  of  the 
fat^t  that  the  serum  of  an  immunized  animal  can  not 
only  confer  immunity  upon  another  susceptible  animal, 
but  in  the  case  of  tetanus  (and  diphtheria,  as  subse- 
quently demonstrated  by  Behring  and  his  associates), 
cure  the  disease  after  it  is  alroady  in  prepress,  is  one  of 
the  most  important  steps  that  has  liccn  made  in  this 
entire  field  of  study.  The  applicnition  of  the  principle 
involved  in  this  observation  to  the  cure  of  diphtheria 
in  man  has  resulted  in  a  triumph  which  marks  an  epoch 
in  modern  scientific  medicine.  The  same  principle  has 
been  employee!  for  obtaining  curative  agents  against 
other  forms  of  infretion  and  intoxication,  notably,  of 
Asiatic  cholera,  typhoi<l  fever,  lobur  pneumonia,  strep- 
tococcus and  staphylococcus  infection,  rabies,  tuberculosis, 

■  BelirinK  nnci   KilSHatu:    Ueulecfae  med.  WucheDSchrilt,  IS90,  Bd. 


BACTERIOLOGY. 

biiboiiii-  plagiie,  Bvpliili^,  va«^imia,  and  seqx-iit-venom  B 
but  u II fort u naif  ly,  as  yet,  with  only  in<lifrerpiit  BUcceesfl 
certainly  in  no  case  to  tlie  same  tavorahle  degree  fts  h 
been  seen  in  the  treatment  uf  diphtheria  with  antitdxH 
serum. 

Another  hypothesis  !d  explanation  of  the  immnoi^ 
awpiired  hy  the  tissues  of  the  animal  organism  is  t 
advaneed  by  Buclmer,'  who  suggests  that  in  the  primal 
infection,  from  which  the  animal  lias  recovered,  thei 
has  h(?t'n  prmhiced  a  reaiiire  ehanifi:  m  the  mUtgrsX  ceU 
of  the  bmly  that  enables  them  to  protect  themselvoi 
against    subsequent    inroads    of   the    same   oi^niai 
Though  somewhat  more  vague  at  first  glance  than  ^wS 
other  theories  in  regard  to  this  phenomenon,  it  has,  f 
nevertheless,  much  to  recommend  it,  and  in  the  li^rt  | 
of  subsequent  research  is  regarded   by  many  as  prob- 
ably the  correct  explanation  of  the  establishment  of  im- 
munity in  a  number  of,  if  not  in  all,  cases.    Experiments 
that  hear  directly  upon  thie  idea  have  demonstruteds 
that,  if  animals  be  subjected  to  injections  of  the  poisol^ 
ous  products  of  growth   of  certain  vnnilent  bacte 
they  res]X)nd  to  this  treatment  by  more  or  le88  pro 
nouDoed  constitutional  reai-tions,  and  that  during  thia] 
peritM],  and  for  a  short  time  following,  they  »re  protecledV 
from  the  invasion  of  the  virulent  bacteria  themselvti&T 
This   observation  has,  moreover,  not  Ix!en  confined  t6J 
those  cases  in  which  injections  of  the  products  of  growth^ 
were   folIowe<l   V»y  inoculations  with   the   bacteria  t^jl 
which  they  were  produced,  hut,  what  is  still  more  i 
foresting  and   confirmatory   of  Buehner's   viei 
clttiindl  that  a  sort  of  protection  from  eertnin  speciBf 
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infections  am  alco  Ix'  afforded  to  auinmls  by  the  injec- 
tion into  thora  of  cultures  of  entirely  different  sijeeies  of 
bacteria,  or  their  products,  and  tliat  in  gome  caM'S  these 
are  not  of  neceasity  of  the  disease-prod  neing  variety. 
For  instance,  Emnierit^h  and  Mattei '  claim  to  have 
rendered  rabbits  insutii'eptible  to  anthnix  through  injec- 
tions into  tliem  of  cultures  of  tlic  Btreptococcus  of  ery- 
sij)elas. 

This,  they  claim,  ia  not  due  to  any  antagoniem  be- 
tween the  two  organisms  tliemselves,  for  in  culture 
e]£])criiuents  they  grew  well  together,  without  any 
alteration  in  their  pathogenic  properties;  but  rather 
to  the  induction  of  a  tissue  activity  by  wliich  resistance 
to  the  inroads  of  the  virulent  bacilli  was  established. 
Emmerich  and  Mattei  interpret  this  "reactive  tissue- 
change  "  as  a  power  acquired  by  the  integral  cells  of  the 
body,  through  the  inflnence  of  a  stimulus,  of  generating 
a  product  that  is  detrimental  to  the  pathogenic  activity 
of  tlie  anthrax  buculli. 

Pawlowsky,'  who  obtained  similar  results  from  the 
introduction  into  animals  of  cultures  of  btmllue  pro- 
digiomiK,  of  daphyhcoccm  pyogcveK  uuretin,  and  of  mt- 
erococciia  ImiceoftUns,  believes  them  to  be  due  to  the 
induction  of  incnsieed  energy  on  the  part  of  the  wan- 
dering cells,  preparing  them  thus  for  the  difficult  task 
of  destroying  the  more  vinilent  oi^misms  with  which 
the  animal  is  subsequently  to  be  inoculated. 

Protection  affiirded  in  this  way  apparently  contra- 
indicates  a  specific  relation  between  the  morbific  ele- 
ments of  particular  infections  and  the  protective  suh- 
stances  thnt  are  present  in  the  body  of  the  animal  that 

'  Emmrrivh  unci  Matl^i :  Partechdtte  dcr  Mcitli'iD, 
'  Pawluwiby :  Vlrebow's  Archiv,  vol.  cviii.  p.  iW. 
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has  bc(»ii  rendered  iusnsccptible  to  them.  It  is  proba- 
ble, liowever,"  that  this  is  only  apparent,  and  that  the 
observations  of  Emmerich  and  Mattei  and  of  Paw- 
lowsky  ean  be  interpreted  in  another  way  :  in  the  blood 
of  animals  there  is  present  wliat  may  be  termed  a  nor- 
mal ])n>teetive  (Buchner's  alexins)  having  no  specific  re- 
lations to  any  particnlar  variety  of  infection,  but  serving 
to  ])r()teet  the  animal  more  or  less  conipletidv  against  all 
bacterial  invasion.  By  the  methods  employed  in  the 
preeediiii^  exi)eriments  it  seems  likely,  in  the  light  of 
more  recent  work,  that  this  normal  antidote  was  siniplv 
teinporarihi  acvcnfmiivd  through  tlic  tissue-Btim illation 
resultant  upon  the  treatment  that  the  animals  had  re- 
(M'iv(»(l,  for  it  is  not  possible  to  bring  al>out  in  this  wav 
as  hi<^h  or  as  |)(»rmauent  a  degree  of  immunity  in  an 
anitunl  from  a  |)articuhir  disease  as  that  which  can  ho 
obtained  by  the  use  of  the  spmfie  micro-organism  caus- 
iuij:  the  disease,  or  the  products  of  its  growth,  osjKviallv 
th(^  latter. 

A  srrikino:  illustnition  of  this  protei^tive  n»action  on 
th(*  j)art  of  the  animal  tissues    is  brought  ont    in   the 
course  of  It.  PieitVcr's*  exj)eriments  on  Asiatic  choleni. 
He  found  that  it  was  possible  to  confer  immunity  uiion 
animals  from  this  disease  ;  that  the  bl(MKl-seruni  of  such 
ainiuals  |>rot('('ted  suse('[)tible  animals  into  which  it  was 
inject(Ml  ai::ainst  what  would  otherwise  hv  a  latal  dose  of 
the  <'holeni  spirillum  ;  that   the  ])eritoneal  fluids  of  the 
artilieially  innnuui/ed  animal  had  an   almost   instanta- 
neous fVisinfnji'tifnu/  (bacteriolytic),  ba<'t(»ri<'idal    action 
uj)on  liviu^r  cholera  s|)irilla  that  were  iujcct(Kl  into  tlic 
p<'ritoneal   cavity ;    that   th<'   serum    from   the   inunnn<' 

'rfciirrr:  Z('it>;<-lirirt   fiir  II\j;iciU' iiml    Inrcktioiiskninkheitoii,  W\. 
xviii.  S.  1;  \V\.  xx.  S.  1J»S 
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animal  had  iiu  siicli  efictt  upcm  t;hoIi.-m  .-ipirilk  In 
the  tt'sHubc;  l>ul  whoii  viriilt'nt  cholera  spirilla  were 
injwjted  into  the  peritoneum  of  an  animal  that  was  not 
immune,  anil  this  was  at  once  fiiliowtil  by  an  intra- 
perituneal  injection  of  wruia  from  an  immmie  animal, 
atraofit  instantly  the  peculiar  ilisinU-gratioii  of  tht-  bac- 
teria, as  observed  in  the  peritoneum  of  the  immune  ani- 
mal, could  be  detected.  This  latter  observation  is  of 
the  utmost  importance  in  its  bearing  on  Bnchncr's 
hypothesis,  for  we  see  here  a  serum  from  an  immune 
animal  that  is  mpable  of  conferring  immunity  ;  cu|>able, 
on  inj(H:tion  into  a  susceptible  animal,  of  endowing  its 
fluids  with  the  peculiar  disintegrating,  germicidal 
function  noted  in  the  peritoneum  of  the  immimo  ani- 
mal from  which  the  serum  originated  ;  incapable  of 
bagterioljtie  activity  ouiituie  tlie  body,  but  the  influ- 
ence of  which  in  the  peritoneum  of  a  susceptible  ani- 
mal is  to  call  forth  at  once  this  interesting  phenomenon. 
Manifestly  the  germicidal  substance  in  this  case  is 
neither  contained  in  the  protective  serum  nor  in  the 
peritoneum  of  the  susceptible  animal  before  receiving 
the  serum,  but  is  gi'nenitffd  by  the  tisenes  as  a  result  of 
the  specific  irritittion  of  a  sometiiing  contained  in  this 
serum  ;  in  other  words,  in  consctpience  of  a  reaction  on 
the  part  of  the  perit<meal  tissues,  or  possibly  tliose  of 
the  entire  nniuml. 

In  more  recent  invcstigsitious  PfcilTer,  in  assot^iation 
with  Marx,  has  found  that  the  antitoxic  substances  in 
cholera-immune  animals  are  much  more  abundant  in 
the  blood -building  organs — spleen,  lymphatic  glands, 
and  bone-marrow — than  in  either  the  blocwl  or  other 
tissues.' 

>  PfeiSiitiiail  Mun;  Dvutsuhe  mei],  Woubcuscbrin.  IS!)8,  No.  3. 
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Tlifi  experimontaof  G.  and  F.  KIctiiiierer'  upuDucute 
fibrinous  pneumonia,  though  too  liniitod  in  extent  to 
be  act-epted  as  conL-histvo,  presented  nevertheless  a 
number  uf  most  signilicaut  giigget^tious,  not  only  in 
cunneetion  with  several  obscure  features  of  this  disease, 
but  in  their  broader  bearing  upon  acquired  tissue-resist- 
ance in  general. 

These  authors  found  but  little  difficulty  in  conferring 
immunity  upon  iininiaU  that  arc  otherwise  sneeeptible  to 
the  pathogenic  action  of  the  organisms  cuncemed  in  the 
prorliiction  of  this  disease,'  by  the  introduction  into  their 
tissues  of  the  products  of  growth  of  the  organisms  from 
which  the  latter  had  been  separated.  The  immunity 
thus  prwliiced  \s  seen  in  some  cases  to  last  wi  long  as 
six  months;  agiiln  it  is  seen  to  disappear  suddenly  in 
a  way  not  to  be  explained.  It  was  seen  in  one  cose 
to  be  hereditary,  probably  having  been  conferred 
u|K)u  the  ynung,  during  the  nursing-period,  through 
the  milk  of  the  mother,  as  Ehrlieh''  has  shown  to 
occur  in  animals  artificially  inununized  from  abnn, 
riein,  and  robin. 

The  energ)-  of  the  substance  that  has  the  power  of 
affonling  immunity  was  seen  to  be  very  mncli  increased 
by  subjecting  it  to  temperatures  somewhat  higher  thaa 
that  at  which  it  was  pritdnced  by  the  bacteria.  The 
Klemperers  found  that  if  this  substance  was  heated  to 

'  fi.    ana  F.   K!eni|w«r :  Berliner  klin.  Woe bciiMh rift.   1881,   Hm. 

'  Aninutia  ilo  iidt.  on  h  rule,  prrsent  the  pueumnnlc  cliaiixii'  stiea  id 
hitnijui  biiiiigs.  TIip  intrnduetion  of  micrncucriui  lanctalalai  into  their 
tiuncB  ivsoltH,  In  the  isse  of  snnccptible  aniniBlB,  ill  tLc  pmliictim  of 
BHpticKmla. 

■  Ebrlieh :  Zrit»brift  fur  Uyipoae  uod  iDfektionaknuikheiloii,  ISSS, 
fid.  zi).  8.  133. 
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It  k'mpenttiire  of  from  41°  to  42°  C  for  three  or  four 
dajH,  or  to  60°  C.  for  fi-om  one  to  two  hours,  its  intra- 
veiioiia  uijection  was  followed  by  complete  immunity 
ill  from  three  to  four  days ;  whereas,  if  the  unwarmcd 
material  was  use<1,  immuoity  did  Dot  appear  before 
fourtepn  duys,  and  then  only  aRer  the  euiptoymeot  of 
reiativL'ly  large  iimouuty.  Moreover,  when  the  pre- 
viously heated  protlucts  are  intrmiiiced  into  the  circu- 
lation of  the  aniiual  the  systwmic  reaction  is  of  but 
short  dumtion ;  but  if  the  uowarmed  substance  ts 
employed,  immunity  is  mnaifest  only  afler  the  onset 
of  considerable  elevation  of  temperature,  which  lasts 
for  a  long  time. 

In  explanation  of  these  ditfercncos  they  suggest  that, 
in  tile  latter  ease,  the  high  fever  that  is  seen  to  occur 
in  the  animal  may  serve  to  replace  the  warming  to 
which  the  bacterial  products  had  not  previously  beea 
subjected,  ami  which  is  necessary  before  they  are  in 
a  [K>&ition  to  bring  about  the  coudition  of  immunity. 
They  claim  that  the  bacterial  products  employed  to 
produce  immunity  in  tliis  case  are  not,  in  reality,  the 
imraunity-affonling  subatiince,  but  that  they  are  only 
the  agents  that  bring  about  in  the  tissues  of  the  animal 
alterations  that  result  in  the  production  of  another  body 
that  protects  the  aninial.  In  support  of  this,  their 
argument  is  that  several  days  are  necessary  for  the 
production  of  immunity  by  the  introduction  into  the 
animal  of  the  bacterial  prothicts  j  whereas,  if  the  blood- 
serum  of  this  animal,  which  is  now  protecti'd,  be  intro- 
duced into  the  circulation  of  another  animal,  no  such 
delay  is  seen,  hut  instead  the  animal  is  forthwith  pro- 
tected. Ill  the  former  case  the  actual  protecting  body 
had  first  to  be  manufactured  by  the  tissues;  whereas 
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in  the  second  it  i^  already  ]>rt'|Ktrcd,  iind  Ih  intrudu<!cd 
a&  such  into  the  second  auiiiiiil. 

These  aitthurs  found  the  scrum  of  artificially  Inimnn- 
ize(i  animals  to  he  not  only  capable  of  rendering  other 
animals  immune,  but  to  be  possessed  of  curative  [>owers 
when  the  disease  was  already  in  progress.  The  serum 
of  immunized  animals  when  injected  into  the  circula- 
tion of  animals  in  which  there  was  a  body-temperature 
of  from  40.4°  t«  41°  C.  reduced  tliis  temperature  to 
normal  (37.5°  C)  in  twelve  consecutive  esperimenta 
during  the  first  twenty-four  hours  following  its  employ- 
ment. 

In  their  opinioHj  the  crisis  seen  in  pneumonia  in 
human  beings  indicates  the  moment  at  which  the  j)ois- 
onous  products,  manufactured  by  the  bacteria  located 
in  the  lungs,  are  present  in  the  circulation  in  amounts 
sufficient  to  stimulate  the  tissues  to  the  reaction  that 
results  in  the  production  of  the  miiidotui  substance  that 
has  the  jMwer  of  rendering  the  poisons  Inert. 

At  tlie  time  of  the  crisis  in  pneumonia  the  l>aeteria 
themselves  are  in  no  way  afl«;ted.  They  remain  in  the 
Inngs,  and  can  be  detected,  in  full  vigor  and  virulence, 
in  the  sputum  of  patients  a  long  time  afler  tlie  disease 
is  cured.  They  have  lost  none  of  their  ])Ower  of  pro- 
ducing poisonous  products,  and  still  possess  their  orig- 
inal pathogenic  relations  toward  susceptible  auiiiials. 
It  is  only  after  the  crisis  that  their  poisons  are  neutral- 
ized by  this  antidotal  protcid  that  has  been  produced 
by  the  cells  of  the  tissues,  and  as  this  occurs  tlie  sys- 
temic monifei^tntions  gnidually  dt.-sappcur.  The  Klem- 
perers  claim  to  have  isohit<^^  from  cultureB  of  mirro- 
c.<xxu»  lanceaiahm  a  proteid  body  that  Is  the  agent  con- 
cerned in  producing  the  tissue-reaction  which  results  iu 
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tlip  formation  of  the  protecting  siibstancc.  They  likc- 
wiac  isotutcd  from  the  serum  of  immunized  iinimalB 
a  proteid  that  pus.'^L'sstid  the  same  powers  as  the  flcnini 
itself,   viz.,   of   affording    immunity   and    curing   the 


Here,  again,  it  appears  that  the  processes  of  lufootinD 
and  immunity  arc  chemieal  in  their  nature,  the  aotive 
poisona  of  the  invading  organisms — "the  pneumo- 
tosina" — being  instrumental  in  producing  the  diseased 
condition,  wliile  the  antidotal  or  resisting  body  of  the 
tissues — "the  anti-pneuniotoxin "  —  is  the  agent  by 
which  the  jtoisoii  is  neutralized. 

Results  in  general  analogous  to  those  of  G.  and  F. 
KlemptTCF  have  also  been  obtaJDed  by  Emmerich  and 
Fowitzky.' 

In  the  light  of  these  experiments  the  hyjwthesis 
advanced  by  Buelmer,  that  tlie  establishment  of  im- 
munity ifi  to  l)e  explaioLKl  l)y  reactive  changes  in  the 
integral  cells  of  the  body,  receives  additional  support, 
and  when  we  consider  the  observations  of  Bitter,'  who 
found  that  in  protective  vaccinations  against  anthrax 
the  vaccines  do  not  disseminate  themselves  through 
the  body,  as  is  the  ease  when  the  virulent  organisms 
are  introduced,  hut  remain  at  the  site  of  inoculation, 
and  from  this  jwiat  pHnlucc,  by  the  absorption  of  their 
chemical  products,  tlie  systemic  changes  tlirough  wliieh 
the  animal  is  protected  against  subsequent  infection  hy 
the  virulent  organisms,  we  feel  justified  in  concluding 
that  the  weight  of  evidence  is  strongly  in  favor  of  this 
\Hew, 

I  EmniPricli  unJ   Fowitiky:   MQiiclicnpr  merl.  WnchoQscbrift,  1S91, 
No.  33. 
'  Bitlcr:  Zcitscliria  fur  U.vpcnt,  lt>s7,  Bd.  iv. 
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Tlio  most  recent  inteq>retatioii  of  this  phenomenon 
is  that  pn)i)os(Kl  by  Ehrlich  in  1897.*  It  is  generally 
known  as  his  *'  side  chain  "  or  "  lateral  bond  ''  (Seiten- 
kcttc)  theory  of  ininiunity.  It  is  one  of  the  most 
attnu'tivoof  all  the  hypotheses  that  have  betMi  ailvaneetl 
in  explanation  of  this  phenomenon^  and  is  in  niauv 
wavs  the  most  satisfaetorv'. 

Its  important  featnres  comprise  the  ac?eeptiin(?i*  of 
WcJijCi^i't's  doctrine  concerning  the  mofhis  operandi  of 
])hysioloi^ieal  tissne-eqnilibrinm  and  repair;  and  also 
the  assumj)tion  of  a  specific  combining  rcdation,  or 
ailinity,  between  toxic  snbstanees  and  the  cells  of  mr- 
tieiilar  tissues. 

At  the  meeting  of  German  Naturalists  and  Fhvsiciaii? 
held  at  Kranlcf<»rt-(m-the-Main,  in  18J)G,  M"ei*»ert- ad- 
VMiicccl  an  hyj)()thesis  the  essential  features  of  whieh 
nre  iliat  |>hysi()l(>«i:ical  structure  and  function  d«'neud 
u|)()ii  the  eijuilibriuni  of  the  tissues  maintained  hv  virtue 
of  imitual  restiTiint  between  its  component  eells  ;  that  <le- 
strnrtion  ol'a  sinu'le  inte<rerorgroupof  inte^jfers  of  a  tissue 
or  a  (M'll  rcinovr^  a  corresjxMiding  amount  of  restniint  at 
thr  point  injured,  and  therefonMlestroysequilibrinmand 
IMTuiits  of  the  abnormal  exhibiticm  of  biophistie  ener- 
gies on  the  |)art  of  th<'  reniaiuiuijf  uninjured  components 
which  aetivity  may  be  vi(»wed  as  a  e()m])ensating  hvper- 
phisia  ;  that  hyperplasia  is  not  therefore  th<»  ffirvcf 
result  of  external  irritation,  and  cannot  be,  sinei^  the 
(h'stru<*tive  action  of  the  irritant  is  confined  to  the  <»ells 
or  integers  of  eells  that  it  destroys,  but  occurs  nither 


'  Khrlirh:  Klini-clifs  .Tahrbncli.  isi^T.  IM.  vi.  llvft  'J.  S.  IttlJ). 

''' Wciiji'rt,  Carl :  "Nnir  FraiU'-^trllimmMi  in  dt'r  iKithologit^.)!^.,!  i^,^^l^_ 
init',"  Vcrliutunuii^i'ii  di-r  <k*s.  (UuIm'Iut  Naturlbrschcr  imd  Aerzte 
ISIKJ,  S.  121. 
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inciiret'tly  as  a  function  of  the  surrotindiDg  uninjured 
tisBUes  tliat  Lave  been  excitfd  to  bioplasttc  activity 
tiiroiigh  tlie  removal  of  restraint  that  had  hitherto  been 
exerted  by  the  cells  destroyed  by  the  irritant;  and, 
finally,  when  siieh  biopluiitic  activity  \s  culled  into  play 
there  is  always  /lyyjercorajH'nsation — (',  e,,  there  is  more 
plastic  material  generated  than  ia  iieiressary  to  com- 
pensate for  the  loss.  Ehrlich  applies  this  idea  to  the 
individual  cell,  which  he  conceives  to  be  a  complex 
inolectile,  comprising  a  priniarj'  central  nnck>u»  to  which 
are  attached  hy  aide  chains  it»  sceoudary  atom-groups 
having  various  physiological  functions,  in  much  the 
same  way  that  our  conception  of  the  reaction -structure 
of  complex  organic  chemical  coin^wunds  m  represented 
graphically.  Injury  to  one  or  more  of  these  physio- 
logically csscntinl  atom-groups  results,  according  to  the 
view  of  Weigerf,  in  disturbance  of  the  cell-equilibrium 
and  consequent  effort  on  the  part  of  the  surrounding 
atom-groups  at  compensatory  r'_'pair.  With  this  libera- 
tion of  bioplastic  enci^  there  is  more  plastic  material 
generated  than  is  necessary  for  the  repair  <)f  the  injury. 
Tlie  excess  of  this  material  finds  its  way  into  the  blood 
and,  as  we  shall  jirescntly  sec,  is  regjinled  by  Ehrtich 
as  the  real  antitoxic  substance.  Assuming  a  specific 
combining  relation  between  toxic  substances  and  par- 
ticular cells  or  secondary  atom-groups  of  cells — and 
there  are  now  some  experimental  grounds  for  this 
— it  is  evident  that  the  eondiinatinn  between 
the  intoxicant  and  the  psirticular  atom-group  for  which 
it  has  a  specific  affinity  is  indirectly  the  cause  of  com- 

'  Sfd  Wnsapmiiknii  uiiil  TAkaki:  "  Uelier  tetaiiiiH  Hntftaxische  Eigva- 
■chaften  den  normalon  UenlrulnervenByatomB,"  Berliner  tlin.  Woohco- 
ichrift,  189H,  No.  1,  B.  5. 
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peiii*at(ir_v  iHoplitslip  activity  on  t!if  part  of  mmilar 
miinjt  atom-groups  that  have  not  liecn  destroyed 
tlirongli  combining  with  the  poison.  This  results,  aa 
we  k'limeii  ahuve,  in  hyjw room penaat ion,  the  excess  of 
plntitic  niatorial  being  disengaged  from  the  parent-cell 
and  thrown  free  into  the  circulating  fluids,  there  to 
combine  directly  with  the  saroe  intoxicant  should  it 
subsequently  gain  access  to  the  animal.  This  excess 
of  plastic  material  thrown  into  the  elrculaliun  com- 
bines, aerording  to  Ehriich,'  directly  with  the  in- 
toxicant to  form  physiologically  inactive  toxin — anti- 
toxin compounds  (see  page  497),  and  can  therefore  be 
reasonably  regartled  as  the  aniiftKnc  material  of  arti- 
ficially  immune  animals.  That  jmrtion  of  the  cell 
which  has  the  specific  function  nf  nentraliKing,  by 
combiniug  with,  the  intoxicant  Ehriich  designates  as 
the  "  tnxophorie  side  chain." 

Nnmcrous  obficrvations  indicate  the  [>robability  of  there 
being  pri'sent  in  the  bhxid  of  animals  several  Imdies  hav- 
ing totally  differtiut  relations  to  bacteria  and  their  prod- 
ucts, according  to  the  conditions  nnder  which  they  exist. 
First  there  is  present  in  the  blood-serum  of  practically 
all  animals  the  normal  defensive  "alexins"  already 
mentioned.  Second,  the  antit')xins  that  are  found  in 
the  blood  of  animals  artificially  immuni7.ed  from  special 
sorts  of  infection  and  i n to xi elation,  as  well  as  occasion- 
ally in  the  blood  and  tissues  of  normal  animals,  the 
functions  of  which  are  susceptible  of  demonstration 
outside  the  body  as  well  as  within  the  tissues  of  the 
living  animal.  Third,  a  body  |)ossr!wetl  of  disintegjating, 
bacteriolytic  powers — i.  e.,  having  the  property  of 
intitoiinwirkDog,"    Fortaolilltto 
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actually  hrcnking  bacteria  to  pieces,  fif»  that  tlio  plie- 
nomenon  may  be  observed  under  the  mieroscope.  Tliis 
phenomenon  is  especially  to  be  seen  within  the  peri- 
toneum of  guinea-pigs  that  have  been  rendered  immune 
from  Asiatic  eholem  ami  from  the  typhoid  and  colon 
infections  or  intoxications.'  It  is  rarely  or  never  seen 
outside  the  body,  and  it  is  not  to  be  eonfounded  with 
the  ordinary  bacterieidul  function  of  the  alexins  that  is 
demonstrable  in  most  normal  serums.  Fourth,  a  body, 
the  so-called  "  agglutinin  "  (Gruber),  that  was  considered 
by  Widal  to  represent  a  "  reaction  of  infection,"  and 
not  of  immunity ;  though  at  this  time  its  presence  is 
generally  supposed  to  in<licate  an  effort  on  the  part  of 
the  body  to  renist  infection.  Tlie  presence  of  this  body 
in  a  serum  is  aimouneetl  by  its  peculiar  influence  on  the 
activity  and  arrangement  of  particular  bacteria  with 
which  it  is  brought  in  contact.  In  the  case  of  typhoid 
fever  in  man.  for  instance,  the  Bt;nim  obtained  during 
the  early  and  middle  stages  of  the  disease,  when  mixed 
with  fluid  cultures  or  suspensions  of  the  typhoid  bacil- 
lus, causes  the  bacilli  to  lose  their  motility  and  to  con- 
gregate (agglutinate)  in  masses  and  elumjrs,  a  condi- 
tion never  seen  in  normal  cultures  of  this  organism, 
and  practically  never  observed  when  normal  serum  is 
employed.  There  are  evidences  of  the  presence  of 
"agglutinin"  in  certain  of  the  antitoxic  serums  from 
artificially  immunized  animals,  viz.,  that  of  animals  im- 
mune from  cholera,  pyocyaneus,  typhoid,  and  colon  in- 
fections. So  far  as  experience  has  gone,  this  a^lutioat- 
ing  property  is  manifested  in  the  great  majority  of  eases 
only  upon  the  particular  organisms  from  which  the 
animal  is  protected  ;  that  is  to  say,  the  relation  is  specific. 
'  It  u  gauenkllf  ksowD  as  PfeiO^r'a  pbea 
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In  view  of  tlie  fiict  that  its  presence  has  beeu  rogardtxl 
118  indicative  of  a.  roiictiun  of  infection,  its  detection  in 
the  blood  of  ininuine  iiuimalB  may  at  Hrst  sight  apjM^r 
|»iradoxical.  We  should  not  lose  sight  of  the  fact, 
however,  that  it  is  a.'wumod  to  be  totjdly  distinet  from 
ihc  other  siilistunees  concerned  in  iuinuinity,  and  \xe 
pri«eiic(i  in  ininunie  animals  may,  therefore,  be  reasson- 
iibiy  explaine<l  its  a  more  or  less  permanent  result  of  the 
"  reatitionB  of  infection  "  that  were  coincident  with  the 
primary  injections  into  the  animal  of  infective  or  intoxi- 
cating matters  necessary  to  the  establishment  of  the 
condition  of  immunity ;  nor  should  we  in  tliis  uonncotion 
lose  sight  of  the  fact  that  its  presence  is  constantly  to 
be  demonstrated  in  typical  csises  of  typhoid  fever,  for 
instance,  that  terminate  fatally,  and  that  have  exbibite«I 
little  or  no  clinical  sij^s  of  resistance  at  any  time  t 
ing  their  conrse. 


The  experiments  that  have  been  cited  alKird  butl 
imperfect  idea  of  the  enormous  amount  of  work  tliat 
has  been  done  ti]ion  the  manifold  phases  of  the.se  im- 
portant subjects ;  they  may,  however,  serve  to  inclicutc 
the  direction  in  which  the  lines  of  research  have  been 
laid.  As  a  result  of  such  invi-stigations,  our  know-ledge 
upon  infection  and  immunity  may  at  present  be  siinV" 
marizcd  as  follows : 

1,  That  infection  may  be  consideri'd  as  a  e 
tween  Imcteria  and  living  tissues,  conducted  e 
of  the  former  by  means  of  tlie  iHiison 
their  gntivlh,  and  resist*?d  by  the  latter  1 
agency  of  proteid  bodies  normally  ])resent  1 
erat«l  by  their  Integral  cells. 

2.  That  when  infection  occurs  it  K 
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eitluT  by  tlie  excees  of  vigor  of  the  liacterial  products 
over  the  anlidotal  or  protective  protcids  produced  by 
the  tissues,  or  t«  some  cause  that  has  interfered  with  the 
norma)  at^tivity  and  prwluction  of  these  bodies. 

3.  That  in  the  serum  of  tho  Dornml  ctreiilating  blood 
of  many  animals  there  exists  a  subst^nee  that  ia  cap- 
able, outside  of  tlie  body,  of  rendering  inert  certain 
bacteria  wliichj  if  introduced  into  the  body  of  the 
animal,  would  prove  infective. 

4.  That  immnnity  is  most  frequently  scon  to  follow 
the  introduction  into  the  body  of  the  products  of  growth 
of  bacteria  that  in  some  way  or  otlicr  have  been  mo<li- 
ficd.  This  modification  may  be  artificially  produced 
in  the  products  tliemselves  of  virnlent  organisms,  and 
then  intriKhieed  into  the  tissues  of  the  animal ;  or  the 
virulent  bacteria  may  be  so  treated  that  they  are  no 
longer  of  full  vindence,  and  when  introduced  into 
the  body  of  the  animal  will  produce  poisons  of  a 
much  less  vigorous  nature  than  would  otherwise  be  the 
ease. 

5.  That  immunity  following  the  introduction  of  bac- 
terial products  into  the  tissues  is  not  in  all  cases  the 
result  of  tho  continuous  presence  of  these  substances, 
per  se,  in  the  tissues,  or  of  a  tfllerance  acquired  by  the 
tissues  to  tliem ;  but  is  prol)ably,  in  certain  instances, 
due  to  the  formation  in  the  tissues  of  another  body  or 
other  bodies  that  act  as  protecting  antidotes  to  the 
poisonous  products  of  invading  organisms. 

6.  That  this  protecting  proteid  which  is  generated  by 
the  cells  nf  the  tissues  need  not  of  necessity  be  antag- 
onistic to  the  life  of  the  invading  oi^nisms  themselves, 
but  in  some  ceases  must  be  looked  upon  more  as  an  anti- 
dote to  their  poisonous  products. 
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7.  Thf  immunity,  as  conneivcil  by  Ehrlich,  may  he 
trithf r  "  active  "  or  "  passivp,"  Act-onling  to  this  iii- 
terpretation,  it  is  "  active  "  when  resulting  from  an  or^ 
dinary  non-fatal  attack  of  infectious  di»oa£c ;  or  fmni  a 
mild  attack  of  infection  purposely  induced  through  the 
use  of  living  vaccines;  or  from  die  gradual  intniduo- 
tion  of  toxins  into  the  tissues  until  a  marked  utage 
of  tolerance  is  reached.  It  is  "  passive  "  when  nccur- 
ring  as  a  result  of  the  direct  traoHference  of  the  per- 
fected iuiinunizing  fliibstanee  from  an  immune  to  a 
susceptible  animal,  as  by  the  injection  of  blood-sertim 
from  the  former  into  the  latter.  "  Passive  immtmity  " 
is,  in  most  cases,  conferretl  at  once,  without  the  delay 
iacidcDtal  tu  th^  usual  tnode§  of  establishing  "active 
immunity."  As  a  rule,  "active"  is  more  lasting  tlian 
"  passive  "  immunity. 

8.  That  phagocytosis,  though  fretjuently  observed,  is 
not  essential  to  the  t^tablishment  of  immunity,  but  in 
more  probably  a  secondarv  process,  the  bacteria  being 
taken  up  by  the  leucocytes  only  after  having  been  modi- 
fied in  virulence  through  the  normal  germicidal  activity 
of  the  serum  of  the  bloo<l  and  of  other  fluids  in  the 
body.  It  is,  however,  probable  that  the  living  leuco- 
cytes secrete  and  add  to  the  circulating  fluids  eertuio 
substances  that  are  important  to  the  establishment  of 
immunity, 

9.  That  of  the  hypotheses  advanced  in  explanation 
of  acquire<l  immunity,  the  one  worthy  of  greatest  con- 
fidence is  that  which  assumes  immunity  to  be  due  to 
reactive  changes  on  the  part  of  the  ti&sues  that  result 
in  the  formation  in  these  tissues  of  antitoxic  substances 
capable  of  neutralizing  the  poisons  produce*!  by  the 
bacteria  against  wliich  the  animal  ha.s  been  immunized  j 


INFECTION  AND  IMMUNITY. 


525 


though  in  certain  cases  the  establishment  of  immunity 
is  accompanied  by  the  assumption  of  germicidal  as  well 
as  antitoxic  properties  by  the  fluids  and  tissues,  and  in 
a  few  instances  the  germicidal  is  more  pronounced  than 
the  antitoxic  function. 


CHAPTER  XXVII. 

lijictcriologiciil  study  of  water— Methods  employed — Prtxrantions  tohc 
obscTved— Api>aratii8  used,  and  methods  of  usin^  them— Method- 
of  invi'stigiitiiiK  air  and  soil. 

15A(TKI{I()L()CJICAL  STUDY   OP    AVATKR. 

Tin:  <H)n<lition.s  that  favor  the  epidemic  oiitl>re:ik  of 
typhoid  irver,  Asiatic  cholera,  and  other  nialaclicjj  of 
which  these  may  ho  taken  as  types,  have  served  as  a 
suhjcct    for  discussion  hy  siuiitarians  for  a   loni^  time. 

Of  the  hypotheses  that  have  heen  a(lvanee<l  in  ex- 
])hm:ition  of  the  existence  and  dissemination  of  thesi' 
diseases,  two  stand  pre-eminent  and  are  wortliv  of  eon- 
sidenition.  Tliey  are  the  **  ground-water "  tIleo^^•  of 
Von  Pettenkolcr  an<I  his  pu])ils,  and  tlie  *' drinkinir- 
water"  theory  of  the  school  of  bacteriuh)gist.s  of  wliieh 
Koch  stands  at    the  head. 

Tlic  a<lli('rent>  to  tlie  **  ground- water ''  view  explain 
th<'  occurrence  ol*  these  diseas(\^  in  epidemic  form  t]in>n(di 
alterations  in  the  soil  resultin<r  fn»m  fluctuations  in  the 
level   of  the  soil-water;  and  assign   to  drinkin«''-^vater 
eitluT  a  very  insi<rniiicant  ro/f\  or,  as  is  most   frecnientlv 
th(»  cas(»,  iiruore  it   entirely.     On   the  other  hand,  thosc^ 
who  have  been  instrumental  in  developin<j:  tlu*  drinkini;- 
water  hypothesis  chiim  that   jdtcrations  in   tlie  soil  phiv 
little  or  no  part   in   favorinir  the  outbreak  of  these  dis- 
eases ;  hut   that,  a<  a   rule,  they  apj)ear  as  a   residt   of 
direct  infection,  through  the  use  of  waters  contaniinate<J 
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with  iiiaterials  i-uiibiiniiig  the  specific  organisms  known 
to  c^iisc  suelt  iliiteases. 

As  a  result  of  niiiueroiia  observations  by  the  disciples 
of  both  schools,  the  evidence  is  now  greatly  in  favor  of  the 
opinion  that  polluted  water  is  primarily  the  underlying 
wiuso  of  these  epidemics,  and  this  too,  very  ofU.'ii,  when 
the  state  of  the  soil-water,  in  the  light  of  tlie  "  ground- 
water "  hypothesis,  is  just  tlie  reverse  of  what  it  should 
be  in  onler  to  render  it  answerable  for  them.  It  is 
manifest,  therefore,  tliat  the  careful  bacteri()Iogical  study 
of  water  intended  for  domestic  use  is  of  the  greatest 
importance,  and  should  be  a  routine  procedure  in  all 
communities  receiving  their  water-supply  from  tionrces 
liable  to  pollution. 

The  object  aimed  at  in  such  investigations  shoidd  be 
to  determine  the  number  and  kind  of  bacteria  con- 
stantly present  in  the  water — for  all  waters,  except 
deep  ground-water,  eontain  bacteria  ;  if  sudden  fluctua- 
tions in  the  number  and  kind  of  bacteria  occur  in 
these  waters,  aud  if  so,  to  what  they  are  due;  and 
Anally,  and  most  important,  Does  the  water  eontain 
constantly,  or  at  irregular  j>eriods,  bacteria  that  can  be 
traced  to  human  excrement,  not  of  necessity  pathogenic 
varieties,  but  bacteria  that  are  known  to  be  present 
normally  in  the  intestinal  canal?  For  if  conditions 
are  continuously  favorable  to  pollution  of  the  water 
by  the  normal  constituents  of  the  intestinal  canal,  the 
flame  conditions  would  allow  of  the  nccaiaional  )>ol1ntion 
of  flueli  water  by  infective  matters  fn>m  the  bmedg  of 
persons  suffering  from  specific  disease  of  the  intestines. 

In  considering  water  from  n  bacterioli^ieal  stand- 
point it  niiist  always  l>o  borne  in  mind  that  eom- 
parisons  with  fixe<l  stan<lards  are  not  of  mnch  value, 
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fur  just  as  nuniml  whUts  from  difierciit  soun-es  arc 
sti'ii  to  prcHtnt  variations  in  tlicir  dieiuical  conipoaitioa, 
without  being  imtit  for  use,  so  nmy  the  relative  iinmtier 
and  varioty  of  speeies  of  bacteria  in  water  from  oiiu 
•  be  always  grcat^'r  or  smallur  than  in  that  from 
another,  and  yet  no  difference  may  be  seen  to  result 
from  their  emplovDieut.  For  this  reatsoii  systematic 
study  of  any  wattT,  from  this  point  of  view,  should 
begin  with  the  establishment  of  what  may  be  called  its 
normal  mean  number  of  bacteria,  as  well  as  tiie  cliarac- 
tcr  of  the  prevailing  species ;  and  in  order  to  do  this 
the  investigations  must  cover  a  long  period  of  time 
through  all  the  seasonal  variations  of  weather.  From 
data  obtained  in  this  way  it  may  be  imasible  without 
analysis  to  predict  approximately  at  any  season  the 
bacteriological  condition  of  the  water  studied.  Marked 
deviations  from  these  "  means,"  either  in  the  quantity 
or  quality  of  the  organisms  present,  con  then  be  con- 
sidered as  indicative  of  the  existence  of  some  unusual, 
disturbing  element,  the  nature  of  whicli  should  be 
investigated.  It  is  impossible  to  formulate  nn  opinion 
of  much  value  from  either  a  single  chemical  or  bac- 
teriol<^ic!il  analysis  of  a  water,  or  from  both  logelber 
in  many  cases ;  for  tlie  results  thus  obtaineil  indicato 
only  the  condition  of  the  water  at  the  time  the  siimplt.' 
was  procunil,  and  give  no  indiuttion  as  to  whether  it 
differed  at  that  time  from  its  usual  <tondition,  or  from 
the  normal  condition  of  the  waters  of  the  iniini<diat« 
neigblwrluHxl, 

The  interpn-talion  of  the  residts  of  both  chemical 
and  bacteriological  analyses  of  a  sample  of  water  ac- 
quires its  full  value  only  through  coni|mrison,  either 
with   "means"   that   have   been   dct*?rmiued   for  this 
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water,  or  with  tlie  results  of  siiuultiineotis  iinalyses  of 
a  uiimber  of  aamplcs  from  other  sources  of  supply  of 
the  locality. 

The  aid  of  the  bocteriologiBt  is  frequently  sought  in 
eonuGctioii  with  luvestigjitions  of  wati're  that  are  sup- 
posed to  be  concerned  in  the  production  of  disease,  par- 
ticularly typhoid  fever,  either  in  i^ilated  cases  or  in 
widespread  epidemic  outbreaks,  and  in  these  cases  l)oth 
the  bacteriologist  and  the  person  employing  his  services 
are  cautioned  against  being  too  sanguine  of  jmsitive 
results,  for  in  the  vast  majority  of  instances  reliable 
bacteriologists  fail  to  detect  in  these  waters  the  bacillus 
that  is  the  cause  of  typhoid  fever. 

Failure  to  find  the  organism  of  typhoid  fever  in 
water  by  the  usual  methwls  of  analysis  does  not  by 
any  means  prove  that  it  is  not  present  or  has  not 
been  present.  The  means  ortlinarily  employed  in  the 
work  atlmit  of  such  a  very  small  volume  of  water  being 
used  in  the  test  that  we  eiin  readily  understand  how 
typhoid  bacilli  might  be  present  in  moderate  numbers 
and  yet  none  be  included  in  the  drop  or  two  of  the 
water  taken  for  study.  The  conditions  are  not  those 
of  a  noliifioii,  eat:h  dntp  of  which  contains  exactly  as 
much  of  the  dissolved  material  as  do  all  other  drops  of 
equal  volume  ;  hut  are  rather  those  of  a  mtspermtm,  in 
everj'  drop  or  volume  of  which  the  numlier  of  kuh- 
pmf1i!d  particles  is  liable  to  tlte  greatest  degree  of 
variation.  Furthermore,  there  are  other  reasons  that 
woidd,  a  prion,  preclude  our  expecting  to  find  the 
typhoid  bacilli  in  water  in  which  we  may  have  reason 
to  believe  they  had  lieen  deposited,  viz.,  attention  is 
not  usually  directed  to  the  water  until  the  disease 
has  become  conspienous,  usually  in  from  two  to  four 
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weeks  after  the  pollution  probably  occurred.  These 
int<.'rvals  of  time  are  ordinarily  tiuffieient  for  the  deli- 
cate, non-resistant  baeillns  of  typhoid  fever  to  succumb 
to  the  unfavorable  conditions  under  which  !ttind»  itacif 
in  water.  By  nnfavonible  conditions  are  meant  the 
absence  of  suitable  nutrition ;  nnfavorabte  temperature ; 
probably  the  antagonistic  influence  of  more  hardy 
saprophytic  bacteria,  particularly  the  so-called  "  water- 
bacteria,"  and  of  more  highly  organized  water-plants; 
tile  effect  of  preeipitjition  and  of  setii mentation ;  and, 
of  great  importance,  the  disinfecting  action  oi'  direct 
sunlight. 

Though  the  positive  demonstration  of  typhoid  bacilli 
in  drinking-water  by  bacteriological  methods  is  of  CJt- 
treme  rarity,  it  mnst  not  be  concluded  that  bacteriological 
analyscH  of  suspicious  waters  shed  no  light  npon  the  exist- 
ence of  pollution  and  the  suitability  or  non-suitability 
of  the  water  for  drinking-pur poses. 

In  the  normal  intestinal  tract  of  all  hnman  beings 
and  of  many  other  mammals,  as  well  as  associated  with 
the  specific  diBea8e-pro<Iucing  bacterium  in  the  intes- 
tines of  typhoid-fever  patients,  is  an  organism  that  is 
frequently  found  in  polluted  drinking-waters,  and 
whose  presence  is  proof  positive  of  {vollution  by  either 
normal  or  diseased  int4?stinal  contents;  and  though 
efforts  may  result  in  failure  to  detect  the  specific  l>acil- 
lus  of  typhoid  fever,  the  finding  of  the  other  oi^nism, 
bacterium  coll  commune,  justifies  one  in  expressing  the 
opinion  that  the  water  under  consideration  has  been 
polluted  by  intestinal  evacuations  from  either  hnman 
beings  or  animals.  Waters  so  exposed  as  to  be  liable  to 
such  {Hilhition  should  never  be  consideretl  as  other  than 
a  continuous  source  of  danger  to  those  using  th«n. 
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Aoother  point  to  be  remembered  is  in  eonnection  witli 
chlorine  as  an  indicator  of  »mtamiiiution  by  human 
excrement.  It  is  commonly  taught  that  an  excessive 
amount  of  ehiorine  in  water  points  to  contuminution  by 
human  excreta.  This  may  or  may  not  be  true,  accord- 
ing to  cireiimstancea.  A  high  pnj]x»rtlon  of  this  element 
in  a  sample  of  water  from  a  locality,  the  surrounding 
waters  of  which  are  poor  in  chlorine,  is  unquestionably 
a  suspicious  indication ;  but  in  a  district  close  to  the  sea 
or  near  salt-deposits,  (or  instance,  where  the  proportion 
of  chlorine  (as  chlorides)  in  the  water  is  generally 
liigh,  the  value  of  the  indications  thus  affordetl  is  verj' 
much  diminished  unless  the  amount  found  in  the  sample 
under  examination  greatly  exceeds  the  nornml  "  mean," 
previously  determined,  for  the  amount  of  chlorine  in 
the  waters  of  the  neighborhood. 

A  striking  example  of  the  latter  condition  occurred 
in  the  experience  of  the  writer  while  inspecting  a 
group  of  water-supplies  on  the  east  coast  of  Florida. 
In  each  instaTice  the  water  was  obtained  from  properly 
protected  artesian  wells,  ranging  from  200  to  400 
feet  deep,  and  located  within  a  few  hundred  yards 
of  the  sea.  The  first  sample  snbjectet!  to  chemical 
analysis  revealed  such  an  unusually  high  pmpurtion 
of  chlorine  that,  had  this  sample  aloue  been  con- 
sidered, the  opinion  that  it  was  polluted  by  human 
excreta  might  have  been  advanced.  To  prevent  such 
an  error  samples  of  water  from  a  number  of  wells  in 
the  neighl)orhood  were  examined,  and  they  were  all 
found  to  contain  fmm  ten  to  twelve  times  the  amount 
of  chlorine  that  ortlinarily  appears  in  inland  waters,  the 
excess  being  evidently  due  to  leakage  through  the  soil 
into  the  wells  of  water  from  the  sea.     In  short,  the 


BAOTERIOLOOY. 

presence  of  an  I'xwss  uf  chlorine  in  water,  wliile  oftoa 
indicating  pollution  from  human  evaeuatious,  may 
nevertheless,  sometimes  arise  from  other  Bources ;  but 
the  presence  in  wat«r  of  bacteria  normally  found  in  ihp 
iuU-'stinal  canal  can  manifestl)'  admit  of  hut  one  inter- 
pretation, viz.,  that  liecal  matt(.TS  from  either  man  or 
animals  have  at  some  time  been  dep<}sited  in  tliis  water, 
and  tliat  while  no  specific  disease-producing  organisms 
may  have  been  detected,  still  waters  in  which  such  pol- 
lutions are  possible  are  a  constant  menace  to  the  health 
of  those  who  use  them  for  domestic  purposes. 

A  sudden  variation  from  the  normul,  mean  number 
of  bacteria,  or  from  the  normal  chemical  eompoei- 
tion  of  a  water,  calls  at  once  for  a  thorougli  in- 
spection of  the  supply,  while  at  the  same  time  the 
organisms  present  arc  to  be  subjected  to  the  most  care- 
ful study.  In  many  instances,  even  after  the  most 
thonjugh  bacteriological  and  chemical  study  of  a  sus- 
picions water,  one  is  forced  to  admit  that  information 
of  but  limited  nsefulness  has  been  obtained  through  the 
employment  of  such  analytical  methods.  In  theec 
cases  too  much  stress  cannot  be  laid  upon  the  im- 
portance of  a  systematic  inspection  of  the  supply,  and 
its  relation  to  sources  of  pollution.  Optical  evidence 
of  more  or  less  dangerous  contamination  may  often  be 
obtained  when  laboratorj'  metho<l9  fail  to  detect  them. 
The  reasons  for  such  failure,  in  addition  to  those  already 
given,  are  obvious — the  polluting  matters  are  often  so 
diluted  by  the  lai^  mass  of  water  into  which  they  find 
their  way  as  to  Ix*  beyond  recognition  by  the  tests 
usually  employed  in  such  work,  and  still  be  present  in 
amounts  sufficient  to  originate  disease. 

The  Qdai.itativr    Bactrrkii/wicai,  Analysis 
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OP  Water. — The  qualitative  bacteriolf^cal  analysis 
of  water  entails  iniicli  labor,  as  it  requires  not  only 
that  all  the  different  species  of  organisms  foun<)  in  tlie 
water  shonhl  be  isolated,  but  that  each  representative 
should  be  subjected  to  syst«niatic  study,  and  its  patho- 
genic or  non-pathc^nie  pntperties  determined. 

For  tiiis  pnrpose  a  knowledge  of  the  methods  for  the 
isolation  of  individual  s|)eciea  which  have  already  been 
described,  and  of  the  means  of  studying  these  species 
when  isolat4><l,  is  indispensable. 

For  this  analysis  certain  precautions  essential  to 
accuracy  are  always  to  be  observe<l. 

The  sample  is  to  be  collected  under  the  most  rigid 
precautions  that  will  exclude  orjranisms  from  sources 
other  than  that  under  consideration.  If  drawn  from  a 
spigot,  it  should  never  be  collected  until  the  water  lias 
been  flowing  for  fifteen  to  twenty  minutes  in  a  full 
stream.  If  obtained  from  a  stream  or  a  spring,  it 
should  bo  collected,  not  from  the  surface,  but  rather 
from  about  one  foot  beneath  the  surface. 

It  should  always  be  collected  in  vessels  which  have 
previously  been  thoroughly  frctid  from  all  dirt  and 
or^nic  jmrticles,  and  then  sterilized ;  and  the  plates 
should  be  made  as  quickly  as  jwssible  aft«r  collecting 
the  sample. 

When  circumstances  permit,  all  water  analyses  should 
be  made  on  the  8|K)t  where  the  sample  is  taken,  as  it 
is  known  that  during  trans^iortation,  unless  the  samples 
are  kept  packed  in  ice,  a  multiplication  of  the  organ- 
isms contained  in  it  always  occurs. 

For  the  purpose  of  qualitative  analysis  it  is  necessary 
that  a  small  portion  of  the  water — one,  two,  three,  five 
drops^^hould  first  be  employed  for  making  the  plates. 
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In  this  way  one  can  form  an  idea  as  to  the  appioximate 
number  of  organisms  in  the  water,  and  can,  in  conse- 
quence, determine  the  amount  of  water  best  suited  for 

tlie  plates.     Duplicate  plates  are  always  to  be  made 

one  set  iii)on  agar-agar,  wliich  are  to  be  kept  in  the 
incubator  at  body-temperature,  and  one  set  upon  gelatin, 
to  I)e  kept  at  from  18°  to  20°  C. 

As  soon  as  colonies  have  developed  the  plates  are  to 
b(»  (carefully  compared  and  studied.     It  is  to  be  noted 
if  any  ditferenc^  in  the  appearance  of  the  organisms  on 
(Corresponding  plates  exists,  and  if  so,  to  what  it  is  due. 
It  is  to  be  particularly  noted  wliich  plates  contain  the 
greater  number  of  colonics,  those  kept  at  the  higher  or 
those  at  ihi^  lower  tt»mperature.     In  this  way  the  teni- 
jHTiture  best  suited  for  the  growth  of  the  nmjoritv  of 
these  orgiinisins  may  be  determined.     As  a   rult*,   the 
greater  number  of  colonies  appear    uj>on    the  g<»latin 
plates   kejU   at   18°   to  20°  C. ;  and  from  this  it  would 
seem  that   many  of  the  normal  water-baeteria  do   not 
fin<l   the  higher  t(Muperature  so  favorable  to  their  de- 
velopment as  <lo  the  organisms  not  natunilly  present  in 
water,  particularly  the  pathogenic  varieties.    From  these 
plates  th(»  (lillenMit  spc^eies  are  to  be  isolatc<l  in   purt; 
culture,  the  morphological  and  cultural  chanicteristics 
<l<»termiu(Ml,  an<I  finally,  by  tests  u}vm  animals,  it  is  to 
Ix'  (h'cided  if  any  of  them  possess  disease-pnxlucing 
pro|HTties. 

NoTK. — What  use  should  be  made  of  this  observa- 
tion in  examining  water  for  the  j)resence  of  pathogenic 
bacteria  ? 

The  waters  most  frecpu^ntly  studied  from  the  quali- 
tativ<»   ba(^teriologieal    standpoint   an*   those   susjHH*ted 
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of  cniibiining  specific  patliogcnio  bactoria — i.  e.,  waters 
polluted  with  sewage  and  witli  human  excreta  that 
are  believed  to  be  the  Hourcc  of  iiifectioti  of  typhoid 
fever,  or,  less  frequently,  of  Asiatic  cholera.  In  the 
Investigations  of  such  waters  there  are  scvenil  points  of 
which  we  should  never  lose  sight,  viz.,  unless  the 
water  is  under  continuous  study  there  is  only  a  chance 
of  detecting  the  siietrific  patht^iiic  6[)ecics,  for,  as  a  rule, 
the  dangi.'rous  [dilution  ocvnrs  citlier  but  once  or  is 
intermitti-nt,  so  that  even  in  the  case  of  expoBe<l  streams 
there  are  periods  wlien  no  specifically  dangerous  con- 
tamination niay  be  in  operation.  As  stated  above,  atten- 
tion is  commonly  ealle<l  to  the  water  when  the  disease, 
presumably  caused  by  its  use,  is  fully  devel<}pe<l,  and 
this  is  often  days  or  weeks  after  the  infection  of  the 
stream  really  occurred.  By  an  analysis  made  at  this 
time  one  could  scarcely  hope  to  detect  the  specific  organ- 
isms that  had  causeil  the  disease.  The  organisms  sought 
for  may  have  l)een  present  in  the  water  and  may  have 
infected  the  users,  and  yet  have  disappeareil  by  the  time 
the  sample  taken  for  analysis  was  collected. 

When  present  in  polluted  waters  pathogenic  bacteria 
are  always  vastly  in  the  minority.  Were  they  con- 
stantly present  in  largo  numbers  infection  among  the 
Qsers  of  such  waters  would  be  more  frequent  and  more 
widespread  than  is  commonly  the  case.  They  may  be 
present  in  a  water-supply  in  small  numbers;  they  may 
even  be  in  the  sample  supplied  for  analysis,  and  yet  es- 
cape detection  if  only  the  ordinarj-  direct  plate  method 
of  isolation  be  used. 

From  these  considerations  it  is  obvious  tliat  before 
attempts  arc  made  to  is()lato  the  various  spec-ies  directly 
from  a  suspicious  sample  of  water  it  is  advisable  to 
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^.ullii>^t  it  to  si>nu'  inotliiHl  of  treatment  that  will  aid  in 
srparatiiiy:  tlio  tow  s|Hvitio  |Kithogeiiio  from  the  numer- 
iMi.s    roiiimon    s:i|m»|»liytio   siMHiies.     For   this    purpose 
lUMurnuw  mi'tlunls  Imvo  boon  devised.     The  most  iise- 
fiil  of  tlh'so  aim   to  favor  the  rapid  multiplication  of 
patlio^Miii'  torius  that   may  bo  present  and  to  suppress 
or  rlirok  tlu'  i::i\»\vih  of  the  onlinary  water  saprophytes. 
Attention  lias  lirtMi  oallinl  to  the  fact  that  when  ex- 
|m»sihI  to  tho  b»Mly-tom|H»nitiire  many  of  the  ordinary 
wattM- liartrria  dovrlop  imlv  slowlv  or  not  at  all,  while 
iiiulrr  similar  i'ii\*umstaiuvs  the  disease-producing  spe- 
rirs   ili'volop    most  luxuriantly.     Advantage  has   been 
talvi'u  ol*  ihi^  ol^MTvatiou  in  devising  methods  for  this 
partirniar  work,  oi'  \\\\\A\  some  of  the  following  will 

i\A\rr\  ill  a  >t('rili/tHl  llask  a  siunple of  alwut  100  e.c. 

ol"  ilir  wMrr  lo  1m'  tt'stt'd,  and  add  to  this  alwuit  25  c.c. 

ol'  •.irrlll.-.Ml   hoiiillon  of  four  (iniCH  the  umal  Hfrength. 

rin  .  I.  ilirn   pku'iul  in  tlu*  incMibator  at  37°  to38°C., 

I"'»>-  «lnrt\  vi\  to  Tortv  riflit  hours,  after  which  pljit4»s  are 

t.>  I..-  iii:i.|,-  iV,.m  it   ill  flic  iisiml  way;  the  n'sults  will 

oil, 11  l>,'  a  |,„r,-  .nliiiiv  of  some  single  organism,  either 

<'iir  ,.r  ilu-  ini.>iiii:il  variety  or  a  closely  aUitnl  speeies. 

I'>.v  a   in.il„..l  atialotroMs  t(i  the  latter  the  si>irilliim  of 

\-.ialir  ..lu.l.ra  l,;,s  Urn  isolated  fn»m  water  (>=«.h;  pjjgf^ 

II".  I  '  •> :  a.,.1  l.v  takiiifr  advantage  of  the  effect  of  ele- 

vai-.l  ..■.n|...ratu.v  n,,..i.  the  bacteria  of  water  Vaughan 

I'-      MO  ,....l...|   i„    isolating  fwm  suspicious  w^ten.  a 

••-"1.  ..r  ...v:,nis,„.  vory  closely  -lUed  to  the  bacillus 

11.     I    I  1  o       I    1  _-,^«^  ft  motluxl  hv  which  it 

""'•»'».il'l  Nimili  lias  suggested  a  n»^ '    ,      •,.,.. 

;^         I  ...  ,        i»   -«  irjiters  m  w  ucn  tliev 

'^  '•'■•'In  |h.    ,1.1,.  to  is< ►late,  from  waters 

•iiv  M..        .  •     -  fhflt  arc  oi  the  utmost 
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importance  in  influencing  our  judgment  upon  the  fitness 
of  the  water  for  domestic  use.  By  the  addition  of  small 
quantities — one,  two,  or  three  drops — of  the  suspicious 
water  to  fermentation-tubes  (see  article  an  Fermenta- 
tion-tube) containing  bouillon  to  which  2  per  cent,  of 
glucose  has  been  added,  and  keeping  them  at  the  tempera- 
ture of  the  body  (37°  to  38°  C),  the  growth  of  intestinal 
bacteria  that  may  be  present  in  the  water  is  favored, 
while  that  of  the  water-organisms  is  not;  in  consequence, 
after  from  thirty-six  to  forty-eight  hours  the  fer- 
mentation-characteristics of  most  of  these  organisms  is 
evidenced  by  the  accumulation  of  gas  in  the  closed  end 
of  the  tube.  From  these  tubes  the  growing  bacteria 
can  then  be  easily  isolated  by  the  plate  method,  and 
intestinal  bacteria  will  not  infrequently  be  found 
present. 

For  the  isolation  of  the  typhoid  bacillus,  especially  from 
water,  a  host  of  other  methods  have  been  devised.  Some 
of  these  aim,  through  the  addition  of  special  chemical 
reagents  to  the  media,  to  retard  the  development  of 
ordinary  saprophytes  without  internipting  the  growth 
of  the  colon  and  the  typhoid  bacillus.  Most  of  these 
methods  have  proved  disjippointing.  One  of  them,  that 
of  Parietti,  still  finds  favor  in  the  hands  of  some.  It 
consists  in  adding  to  the  culture-media  to  be  used  in 
the  test  varying  amounts  of  the  following  mixture : 

Phenol 5  grammes. 

Hydrochloric  acid 4        " 

Distilled  water 100  c.c. 

Of  this  solution  0.1,  0.2,  and  0.3  c.c.  are  added  re- 
spectively to  each  of  three  tubes  containing  10  c.c.  of 
nutritive  bouillon.     Several  such  sets  of  tubes  are  to  be 
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itmde.  To  each  are  then  added  from  1  to  3  c.c.  of  the 
water,  and  they  are  place<l  in  the  incubator  at  body-ttm- 
peniture.  It  ia  said  that  whatever  development  occurs 
consists  only  of  the  typhoid  or  colon  bacillus,  or  both,  if 
they  were  present  m  the  original  saniple.  They  may 
then  be  isolated  and  tjeparatcd  by  the  usual  plate  nietlioc], 
or,  better  still,  through  the  application  of  the  methods 
of  Eisner,  Studdart,  or  Hiss,  detailed  In  the  chapter 
on  /lacUluJi  typkmus.  Personally  we  have  not  had 
ninch  success  with  the  Pariclti  method.  The  typhoid 
bacillus  has  been  isolated  from  water  by  passing  very 
large  quantities  of  water  through  an  ordinary  Pasteur 
or  Birkfield  filter,  brushing  off  the  matters  collected 
on  the  filter  into  a  sterilized  vessel  and  examining  tliis 
by  pktt'  methods. 

It  has  occurred  to  us  that  possibly  the  employment 
of  chemical  coagulants,  such  as  alum  and  iron,  might 
prove  serviceable  for  this  purpose.  Their  action  would 
be  to  mechanically  drag  down,  in  precipitating  as  hy- 
droxides, tlie  sui<pended  bacti^'ria  contained  in  the  fluid. 
This  precipitate  could  then  be  examine<l  bacterioh^i- 
eally,  instead  of  the  water. 

Tile  diffirulties  in  this  field  of  work  are  obviously 
due  to  the  suspension  of  a  very  small  number  of  the 
disease-producing  danisms  sought  for  in  large  volume** 
of  fluid,  and  the  association  with  them  of  large  numbers 
of  other  species  that  offer  a  verj-  great  obstacle  to  the 
successful  search  for  the  pathogenic  varieties. 

If  by  either  of  the  above  procedures  bacilli  that  bear 
any  resemblance  to  bacilhtu  fi/phomtn  be  isolated,  re- 
course must  then  be  had  to  all  the  differential  tests 
detailed  in  the  chapter  on  that  organism. 

TuE  Quantitative  Estimation  of  Bacteria  in 
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Water. — Quantitative  unalysis  requires  more  care  id 
the  measurcnient  of  the  exact  volume  of  water  eni- 
]»loyed,  for  the  results  are  to  be  expressed  in  terms  of  the 
number  of  individual  oi^uiisms  to  a  definite  volume. 
The  necessity  for  making  the  plates  at  the  place  at 
which  the  sample  ia  collected  is  to  be  particularly 
accentuated  in  this  analysis,  for  multiplication  of  the 
organisms  during  transit  is  so  great  that  the  resulte 
of  analyses  made  afler  the  water  has  been  in  a  vessel 
for  a  day  or  two  are  often  very  different  from  those  that 
would  have  been  obtaineti  on  the  spot. 

Note. — Imwulate  a  tube  containing  about  ten  cubic 
centimetres  of  sterilized  distillc<l  or  tap  water  with  a 
very  small  (juautity  of  a  solid  culture  of  stjuie  one  of 
the  oi^nisms  with  which  you  have  been  working, 
taking  care  that  none  of  the  culture-medium  is  intro- 
duced into  the  water-tube  and  that  the  bacteria  are 
evenly  distributed  through  it.  Make  plates  at  once, 
and  on  each  Bueeoeding  day,  from  this  tube,  and  deter- 
mine by  coiuits  whether  there  is  an  increase  or  dimimi- 
tion  in  the  number  of  organisms — i.  f.,  if  they  are 
grooving  or  dying.  Represent  the  results  graphically, 
and  it  will  be  noticed  that  in  many  cases  there  is 
during  the  first  tliree  or  four  days  a  multiplication, 
after  which  there  is  a  rapid  diminution ;  and,  if  the 
organism  <loes  not  form  spores,  usually  death  in  from 
ten  to  twelve  days.  This  is  not  true  for  all  organisms, 
but  does  hold  for  many. 


=^ 


Where  it  ia  not  convenient,  however,  to  make  the 
analysis  on  the  spot,  the  sample  of  water  should  be 
taken  and  packed  in  ice  and  kept  on  ice  until  the  plates 
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can  be  niado  from  it,  wliioh  should  in  all  caaos  be  as 
soon  after  its  colloction  aa  possible. 

For  the  collec-tion  of  water  for  this  purpose  a  con- 
venient vessel  is  a  glass  bnlb  (Fig.  100)  or  balloon, 
wbieh  is  easily  blown  from  glass  tubing. 


It  consists  simply  of  a  n»un(l  glass  sphere  blown  on 
the  end  of  a  glass  tube,  which  latter  is  subsequently 
drawn  out  into  a  capillary  stem  and  sealed  while  hot. 
As  it  cools,  the  eontraetiim  of  the  air  within  the  bulb 
results  in  the  establishment  of  a  negative  pressure. 

If  the  poiut  of  the  stem  Iw  broken  off  under 
water,  the  water  flows  into  the  bulb,  because  of  the 
existcnee  of  the  negative  pressure  within.  The  negsi- 
tive  pressure  obtained  in  this  way  is  frequently  in- 
sufReient  for  filling  the  bnlb,  and  often  only  a  few 
dro])S  of  fluid  can  be  obtained.  To  obviate  this, 
bulbs  may  be  blown  and  allowed  to  cool,  but  not 
sealed.  After  a  sufficient  number  of  them  are  pre- 
pared they  are  taken,  one  at  a  time,  an<l  gently 
wanned  over  a  flame ;  while  still  warm  the  extremity 
of  the  stem  is  dipped  into  distilleil  water  and  held 
there  until  a  few  drops  have  jwispcd  up  into  the  bulb  ; 
this  is  then  carefully  boiled,  or,  rather,  <-oinplefelp  vapor- 
lied,  over  the  flame,  and  while  steam  is  still  escaping 
the  point  is  sealctl  in  the  gas-flame.  All  air  will 
thus  have  been  replaced  by  water-vapor,  and  if  the 
point  of  the   stem   be   now  broken  off  under   water 
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the  bulb  will  fill  quickly.  It  is  not  desirable  to 
iill  them  complddy,  but  rathiT  to  only  ultont  three- 
fourths  of  tlieir  capacity,  as  when  /uU  it  is  difficult 
to  empty  them  without  contaminating  the  contents. 
They  arc  emptied  by  ffeitily  warming  over  a  gus  or 
alcohol  Hame. 

A  number  of  bulbs  may  be  made,  sealed,  and  kept 
on  haD<l.  They  are  sterile  so  lung  as  they  are  sealed, 
because  of  the  heat  employed  in  their  manutactore. 

When  a  sample  of  water  is  to  be  taken,  the  point 
of"  a  bulb  is  simply  broken  off  with  sterilized  forceps 
under  water  and  held  there  until  tlie  necessary  amount 
has  been  obtained.  This  may  (lervc  as  a  sample  from 
which  to  prepare  plates  or  Esmarch  tubes  ou  the  spot ; 
or  tlie  tip  of  the  stem  may  be  resealed  in  the  flame 
of  an  alcohol  lamp,  the  bulb  packed  in  ice,  and  trans- 
ported in  this  condition  to  the  laboratory. 

Another  very  simple  and  useful  device  for  collecting 
water  samples  is  that  recommended  by  Kirschncr.  This 
consists  of  a  piece  of  glat^s  tubing  of  about  5  or  6  mm. 
inside  diameter,  and  36  cm.  long,  bent  in  tlie  form  of 
a  U,  with  either  extremity  of  the  anus  bent  again  at 
right  angles  in  the  same  plane  and  drawn  out  to  a  ))oiut 
and  sealed.  Such  tubes  are  sterilized  in  the  6ame  as  they 
are  made.  The  sample  is  collected  by  breaking  off 
Iwth  i>oints,  immersing  one  of  them  in  water  and  suck- 
ing on  the  other  until  the  tul>p  is  filled.  Then  both 
points  are  i^in  sealed  in  the  flame  and  the  tube  packed 
in  ice.  The  objection  to  this  tube  is  the  danger  of  con- 
taminating its  contents  with  saliva  during  the  act  of 
suing  by  suction,  though  this  danger  is  not  bo  great 
as  might  at  first  ap]>ear,  as  we  shall  learn  in  our  efforts 
to  cultivate  bacteria  from  the  mouth-cavity. 
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^M  Note. — Make   cnvcr-sliiw   from  your    own    month ; 

^H  make  plutcs  un  both  gelatin  and  agar-iigar,  at  the  same 

^H  time.    Ci)in[)are  the  number  of  bacteria 

^H  II                 foimd  hy  microscopic  examlDatiou  of 

^^ft  II                 tlie  cover-stips  with    the    number  of 

^^V  I                 colonies  that  develop  on  tbe  plutes. 


For  the  collection  of  sttmples  from 
the  deeper  portions  of  streams,  lakes, 
etc.,  a  iinmlxT  of  convenient  devices 
liave  been  made.  A  very  satisfactory 
apparatus  has  been  made  for  me  by 
Messrs.  Charles  Lentz  &  Sons,  of  Phila- 
delphia. It  consistt!  of  a  metal  frame- 
^  votk,  in  which  k  cncjucd  a  buttle 
provided  with  a  groimd^lass  stopper. 
To  the  stopjicr  a  spring  clamp  is  at- 
tached, and  this  in  turn  is  uperateii  by 
a  string-,  so  that  when  the  wcight«i 
apparatus  is  allowed  to  sink  into  the 
stream  the  stopper  may  bo  removed 
from  the  bottle  at  any  depth  by  simply 
pulling  upon  the  string.  When  the 
bottle  is  filled  with  water  the  Ptop|>er 
is  allowed  to  spring  back  into  positij 
by  releasing  the  string.  The  i 
'^"'''  ';•;;;;"'■""'*  apparatus  (depicted  in  Fig.  101)  is^ 
vided  with  a  weight  that  insure 
sinking,  and  ii  heavy  conl  by  which  it  may  be  low 
and  raised.  It  should  Iw  sf^-rilizwl  before  using, 
cfillocting  the  sjimpU-  the  bottle  should  !>e  wiped  iJi^~ 
with  a  Bterilinfd  towel.  Before  removing  the  sto)iper 
the  moutli  of  tile  bottle  should  be  riused  with  altioltol 
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and  heated  with-  a  gas-flamp,  U>  prevent  Gontarainatiun 
of  its  contoiits  by  niatt^^rs  tliat  may  have  been  upon 
its  surface. 

lu  beginning  the  quantitative  analysis  of  water  with 
which  one  ie  not  aequainte«l  certain  preliminary  steps 
art'  I'Hsential. 

It  13  necessary  to  know  approximately  the  number  of 
oi^nisnis  ciintained  in  any  fixwl  vohiine,  so  as  to  deter- 
mine the  quantity  of  water  to  be  employed  for  the  plates 
or  tubes,  Ttiis  is  usually  done  by  making  preliminary 
plates  from  one  drop,  two  drops,  0.25  c.c.,  0.5  c.c,  and 
1  c.c.  of  the  water.  After  eacli  plate  has  been  lalxrlled 
with  the  amount  of  water  used  in  making  it,  it  is  placed 
aside  for  develupment,  When  this  has  occurred  one 
selects  the  plute  njKtn  which  the  colonies  are  only  mod- 
erate in  nuniljer — afiout  200  to  300  colonies  presenting 
— and  employs  in  the  subsequent  analysis  the  same 
amount  of  water  that  was  used  in  making  this  plate. 

If  the  original  water  contained  bo  many  organisms 
that  there  developed  on  a  plate  or  tube  made  with  one 
drop  too  many  colonies  to  be  easily  counted,  then  the 
sample  must  be  diluted  wHth  one,  ten,  twenty-five,  fifty, 
or  one  hundred  volumes,  as  tiie  tusc  may  require,  of 
Bterilized  distilled  water.  This  dilution  must  be  aemt- 
raie,  and  its  exact  extent  noted,  so  that  subsequently  the 
number  of  oi^nisms  per  volume  in  the  original  water 
may  be  calculated. 

The  use  of  a  drop  is  not  sufficiently  accurate.  The 
dilution  should  therefore  always  be  to  a  degree  that  will 
admit  of  the  employment  of  a  volume  of  wafer  that 
may  Ijc  exactly  measured,  0.25  and  0,5  c.c.  being  the 
amounts  most  convenient  for  use. 

Duplicate  plates  should  al^-ays  l>e   made,  and  the 
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of  the  number  of  colonics  that  devflop  upon 
them  taken  ae  the  basis  t'rum  wliich  to  culculat«  tlie 
number  of  oi^uisms  per  volume  in  the  ori^nal  water. 

for  example :  from  a  sample  of  water  0.25  c.c.  is 
added  to  a  tube  of  liquefied  gelatin,  earefully  mixed  and 
poured  as  a  plate.  When  development  oct-urs  the 
number  of  colonies  are  too  numerous  to  be  accurately 
counted.  One  cubic  centimetre  of  the  original  water 
is  then  to  have  added  to  it,  under  precautions  tliat  pre- 
vent contamination  from  without,  99  c.c.  of  sterilized 
distilled  water — that  is,  we  have  now  a  dibition  of 
1  :  100.  Again,  0.26  c.c.  of  this  dilution  is  plated, 
and  we  find  180  colonies  on  the  plute.  Assuming  tliat 
each  colony  develops  from  an  individual  bacterium, 
though  this  is  perhaps  not  strictly  trne,  we  had  180 
or^nisras  in  0.25  c.c.  of  onr  1  :  100  dilution ;  therefore 
in  0.2.5  C.L-.  of  the  original  water  we  had  180  X  100  = 
18,000  iKichiriii,  which  will  be  72,000  bacteria  per  cubic 
centimetre  (0.2r>  e.c.  =  18,000,  1  c.c.  -  18,000  X  4  = 
72,000).  The  results  are  always  to  be  expressed  in 
terms  of  the  number  of  bacteria  per  cubic  centimetre 
of  the  original  wati'r. 

Another  jwint  of  very  great  importance  (already  men- 
tione<I)  is  the  effect  of  temperature  ujM>n  the  number  of 
colonies  of  bacteria  that  will  develop  on  the  plates  made 
from  water.  It  must  always  be  remembennl  that  a 
lut^r  number  of  oolonies  appear  on  gelatin  plait's  ma<le 
fn»m  water  and  kept  at  18°  to  20°  C.  than  on  agar-agar 
plates  kept  in  the  inculiator.  The  following  table,  illna- 
tnitivc  of  this  jKiint,  gives  the  results  of  parallel  anal- 
yses of  the  same  waters,  the  one  series  of  counts  having 
been  made  upon  gelatin  plates  at  the  ordinary'  tempera- 
ture of  the  room,  the  other  upon  plates  uf  agar-agar 
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kept  for  the  same  length  of  time  in  the  incubator  at 
from  37°  to  38°  C.  It  will  be  seen  from  the  table 
that  miieh  tlie  larger  number  of  eolonieti — i.  e.,  much 
higher  resnlts — were  always  obtuine<1  when  gelatin  was 
employed.  The  ini|M)rtance  of  this  point  in  the  quan- 
titative bacteriological  analysis  of  water  is  tot)  apparent 
to  require  further  eonimeot. 

TABLE  l-OMPARING  THE  RESI'LTS  OBTAINED  BY  THE  USE  OF  OEI, 
ATIX  AT  llP-aio  r.  ASH  AOAK-AGAR  AT  ST'-atP  C.  IN  QUASTI- 
TATIVE  BACTERIOUWilCAL  ANALYSES  OF  WATER.  RESULTS 
REI'(IRI1E]>  ARE  THE  M'MBER  OF  COLONIES  THAT  DEVELOPED 
FROM  THE  nAME  AMOI'NT  OF  VARIOUS  WATERS  IN  EAt;H 
SERIF^I 

NUHBEB  OF  ClILOMIRS  ntoH  WaTE»  THAT  DEVELOPED  CPON— 

QelBlla  pUles  atlfPfaXP  C,  Agar-ftgar  platen  at  87°  to  38°  C. 


oi ■ .  .  .  .  (ayo 

«i ■   1310 


;oj (OHO 

■oi 


i  1.10 

fSHO 
1210 


Another  [wiiit  of  equal  imiMtrtauce  in  its  influenec  upon 
the  mimlK-r  i>f  cohHiies  tliat  (leveh)p  is  the  n-action  of  the 
gelalhi.  A  marker]  excess  of  either  alkalinity  or  aeiility 
always  has  a  retanliiig  cfrcct  njvm  many  siM-eies  founil  in 
water.     Puller's  ex]M'ri(>iiee  at  the  Ijawrenee  (Ma.-'s.)  Ex- 

<  lam  iiidchtnl  t<i  .lamrs  Il.iiiirr  WriKlit.  Th..iii»H  S'.ill   tVll.iw  in 
H,VKi.-iiP  (IWi  Wl.  r.iiv..n.il.v  i.t   Vtuiwylviiiii:..  fur  Ihv  n'siiKs  pro- 
M-nliil  in  tliix  lablf. 
35 
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perimont  Stjttion  1ms  shown  tliat  gelatin  of  auch  a  degree 
of  acidity  aa  to  require  the /ur/AfT"  addition  of  from  15  to 
20  e.c.  per  litre  of  a  normal  caiistir  alkali  solution  to  Itring 
ittothepiicnolphtaloin  neutral  point  given,  on  the  whole, 
the  beat  results.  Thus,  by  way  of  illustration,  Fuller 
found  that  a  sample  of  Merrimau  River  water  gave 
5800  (Tohmies  per  c.c.  on  pht'nnlphtalcin  neutral  gel- 
atin, 15,000  colonies  on  gelatin  that  would  need  20  c,c. 
of  normal  alkali  solution  to  bring  it  up  to  the  plienol- 
phtaleiu  neutral  point — L  e.,  a  feebly  acid  nutrient  gel- 
atin, and  500  colonies  on  u  gelatin  so  alkaline  as  t'> 
require  20  e.c.  of  a  normal  acul  solution  to  bring  it 
batik  to  the  plienolphtalein  neutral  i>oint. 

Throughout  this  i>art  of  the  work  it  is  to  be  borne  in 
mind  that  when  reference  is  made  to  plates  it  is  not  to 
a  set,  as  in  isolation  ex{>eriment8,  but  to  a  single  plate. 

Method  of  Counting  the  Cou>nie8  on  Plates. 
— For  convenience  in  counting  colonies  on  plates  or  in 
tubes  it  is  custoniarj'  to  divide  the  whole  area  of  the 
gelatin  occupied  by  colonies  into  smaller  areas,  and 
either  count  all  the  colonies  in  eacli  of  these  areas  am! 
add  the  several  sums  together  for  the  total,  or  to  count 
the  number  of  colonies  in  each  of  several  areas,  ten 
or  twelve,  take  the  mean  of  the  results  and  multiply 
this  by  the  number  of  areas  containing  colonies.  The 
latter  procedure  obtains,  of  course,  only  when  all  the 
areas  are  of  the  same  siw.  By  this  method,  however, 
the  results  vary  so  much  in  different  counts  of  the  game 
pinie  that  they  cannot  be  considered  as  more  than  rough 
approximations. 

Note. — Prepare  a  plate ;  calculate  tlie  numlwr  of 
colonies  upon  it  by  this  latter  method.      Now  rcix^t 
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the  mlciilation,  making  the  average  from  another  H«>t 
of  squarett.  Now  actually  f<iiint  the  entire  niinil)er  of 
colonies  on  the  plate.     Compare  the  results. 

For  facilitating  the  counting  of  colonies  several  very 
ronvenient  devices  esist, 

WoLFFlit'GEL's  CouNTiNC-APPARATl'H. — This  appa- 
ratus (Fig,  102)  consist))  of  a  flat  wooden  HtanU,  the 
centre  of  which  is  cut  out  in  such  a  way  that  fttlicr  a 
black  or  white  gliu»f  plate  may  be  placed  tu  it.  These 
form  a  liaekground  upim  which  the  colonies  may  more 
easily  be  seen  when  the  ptute  to  be  counted  is  placed 


upon  it.  When  the  gelatin  plate  containing  the  colonies 
has  been  place*]  upon  this  background  of  glass  it  is 
covered  by  a  transparent  glass  plate  which  swings  on  a 
hinge.  This  plate,  which  is  ruled  in  square  centimetres 
and  sutxli visions,  when  in  position  is  just  above  the 
colonies,  without  touching  them.  The  gelatin  plate  is 
moved  about  until  it  rests  under  the  centre  of  the  area 
occupied  by  the  ruled  lines.     The  numlwr  of  colonies 
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in  each  square  centimetre  is  then  counted,  and  the  sum- 
total  of  the  colonies  in  all  these  areas  gives  the  number 
of  colunles  on  the  plate ;  or,  as  has  already  been  indi- 
cated, if  the  number  of  colonies  be  very  great,  a  mean 
may  be  taken  of  the  number  in  several  (six  or  eight) 
squares;  this  is  to  be  multiplied  by  the  total  number 
of  squares  occupied  by  the  gelatin.  The  result  is  an 
approximation  of  the  total  number  of  colonies. 

When  the  colonies  are  quite  sinall,  as  is  frequently 
the  case,  the  counting  may  be  rendered  easier  by  the 
use  of  a  small  hand-lens.     (Fig.  103.) 


Leiw  for  oounllng 


Several  useful  modjfi cations  of  this  apparatus  have 
been  introduced.  The  most  important  is  that  of  Lafar.' 
Lafar'»  counter  consists  of  a  glasa  lUsk  of  the  diameter 
of  ordinary  size  Petri  dishes.  It  is  supplied  with  a  collar 
or  flange  that  fits  around  the  l)ottom  of  the  Petri  dish,  and 
thus  holds  the  counter  in  position.  The  disk  is  nded  wHth 
concentric  circles,  and  its  area  is  divided  into  sectors  of 
such  sizes  that  the  spaces  between  tlie  concentric  circles 
and  the  radii  forming  the  sectors  are  of  equal  sixe. 
Three  of  the  sectors  are  subdivided  into  smaller  areas 
of  ecpial  size  for  convenience  in  eonuting  when  the 
colonies  arc  very  numerous.     The  principles  involved 
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relation  to  each  other.'  To  use  this  apparatus  (FSg. 
104)  the  Petri  dish  is  placed  centrally  tipon  it,  the 
cover  of  the  dish  ie  removed,  and  the  coloniet«  an 
counted  as  they  lie  over  the  spaces  ixxinded  bv  the 
white  lines  on  the  black  disk  beneath.  When  the 
plate  is  centred  over  the  black  disk  the  |>ortioii  Iv-ing 
over  one  aeeior  ia  exactly  one-si xt^ienth  of  the  whole 
plat«. 

Esmarch'b  Counter. — Esmarch  devised   a  cnimt^r 
(Fig.  106)  for  estimating  the  uuniber  oi'  colonies  present 


Eamftrch'!  ipparatui  for  coantlng  colonies 


Upon  a  cylindrical  Biirface,  as  when  in  rolled  tub) 
The  principles  and  methods  of  estimation  are  practici 
the  same  as  those  given  for  WollFhugel's  apparatiie. 
A   simpler  mcthiKl  than   by   tlie  use  of  Esmarc 

1  Co|)i<-a  of  tliix  appnTDtUH  bk  (»  be  hnd  of  A«b  &  Co..  411  Sonthw 
Htrwl,  L-unrlon.  or  of  I.ctitz  &  Sons.  North  Elprenth  Ettnct,  T' 
delpliia,  P».    (The  coel  1b  but  >  few  cvnts  per  cnpf.) 
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apparatus  luar  be  <.-ini)l()V(4l  firr  KiAmiitm  \\u-  <iil'jiiii-R 
in  rullcd  tubcii.  It  tyna-'ii-l^  in  ilividiii;;  t\i-  tiil^:  l>y 
lines  into  four  or  six  I>iii(^itii']iiiul  iin'si-,  h')))'-1i  an-  riilr- 
(livided  by  tninavvrso  litune  ulffnt  I  or  '1  <-iu.  iijcirt,  'lln; 
lines  may  be  drawn  with  jwrri  aii'l  ink.  'i'Ii<-y  wtA  wA 
be  exactly  the  sanic  <]intHn>;i-  ajmrt  nor  '-x;i'-tly  -tnii;:lil. 
B^inning  with  one  of  th':^-  r^\nuT'-y.  stt  on*'  f^nij  ui'  th>; 
tube,  which  may  Ix;  inarki:<)  witli  a  (tot-,  tin-  tnhi-  in 
twisted  with  the  finiririv,  alwayTj  in  oii>f  (lint-tiori,  lui'l 
the  exact  numlKT  of  <.-olonii^^  in  i:iu;h  MjiDir'-  ;i.-  ii 
appears  in  rotation  i.--  <:i>iin«-<l,  <»n;  Iftin^  t;iki-N  nor  Ut 
count  a  S)|nare  mon^  than  oiiw ;  th«  snni^  an-  iln-n  ii'idi-il 
together,  and  the  ly-siill  j^ivwit  the  niiin)«-r  of't-ohitiii-n  in 
the  tube.  This  mcthiKl  may  \tt:  facilitjiti^l  liv  tho  u.-i<- 
of  a  hund-b-ns. 

In  all  thirsi-  mc-tho<]:4  then>  is  oih>  irmr  ditlicnlt  Ui 
eliminate:  it  is  a.-'siiruHl  that  <4i()i  colony  bii-  ^roun 
Trom  a  single  orfrjinisni.  Thi-'  is  prolialily  tiol  always 
the  case,  as  then;  may  I'xi-t  i-liirii|w  oC  li!i<ii.ria  wbidj 
represent  hundnKls  or  <-yii\  thonsinds  of  imlivi'ltials, 
but  which  still  ^wc  Hsi:  to  l>iit  a  ^injrlf  colony — ob- 
viously this  is  of  necessity  estimated  as  a  sinfrle  orj^iin- 
ism  in  the  water  nii<ler  imulysis. 

Where  grtmndit  exist  for  siis[M'ctinf;  the  presence  of 
these  clumi>s  they  mtiy  in  jKirt  be  broken  ii|>  by  shakin); 
the  original  water  with  sterilized  sand. 

What  has  been  saifl  for  tlio  liaeteriolofrii-al  exumina- 
tion  of  water  hiJds  gixKl  for  all  1liiid«  wliieh  arc  to  l)c 
subjected  to  this  form  of  analysis. 

BAfTI'IRIOUXilCAl,    AXAr-Y«IH   rtK    AIR, 

Quite  a  number  of  metluids  for  tlic  biictoriological 
Btudy  of  the  air  exist.     In  the  main  they  consist  either 
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of  allowing  air  to  pass  over  solid  nutrient  media  (Koch, 
Hesse)  and  otxiervingthc  colonics  wliich  develop  upon  the 
media,  or  of  filtering  the  bacteria  from  the  air  by  means 
of  porous  and  liquid  substances,  and  studying  the  oi^n- 
isms  thua  obtained.  (Miguel,  Petri,  Strauss,  Wurz, 
Sedgwick-Tucker.)  Because  of  their  greater  exactness, 
the  latter  have  supplanted  the  former  methods. 

In  some  of  the  methods  which  provide  for  tlie  filtra- 
tion of  bacteria  from  the  air  by  means  of  liquid  sub- 
stances a  measured  volume  of  air  is  aspiratc<l  through 
liquefied  gelatin ;  this  is  then  rolled  into  an  Esmarch 
tube  and  the  numl>er  of  colonies  counted,  just  as  was 
done  in  water  analysis.  This  is  the  niiuplo^t  itrrK-eduro, 
An  objection  sometimes  raised  agaiust  it  is  that  urgauisms 


rstrl'ii  BjiiMimt 


may  Ik>  Inst,  am]  not  ninic  into  the  oalfiilation,  by  )»ass- 
in;;  tlintu^'h  \W  riiitliiLrii  in  thi-  wntn-  of  an  air-bubble 
witliinit  l»iri!i  am-wt..!  by  tin-  fluid — an  (ilijcctinn  that 
appcarrf  to  have  iinin:  of  ^^iRculative  than  of  real  value. 
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Filtntion  through  porotu  s\^i~Xiav^t-x  apif-ar-.  '>ii  tic- 
whole,  to  give  the  Ije-t  rrrRiili-.  I'ltri  T*-it-tutw-\\i\-  m^ 
piratioD  of  a  inea#urF:<J  vulunif;  nf  uir  lUrmi^U  uht". 
tubem  into  which  ittf-rilizt-d  nand  i-  jjo'-k'-'l.  '  Fijr.  l'»*;.i 
When  aspimtion  in  tiuiaWI  ttit-  t^jA  i-  mlx"!  with 
liquefied  gelatin,  plattr!<  art:  iiia'i'',  and  th"  miKiV-r  '>f 
developing  eoloDieK  cttuutnl,  tin-  r'.-Tult-  j.''^'»ii  tli*- 
Dumber  of  oi^anLMD!»  (xuilaiii'nl  in  t)i'-  vAnui'-  •>}'  air 
aspirated  through  the  ttaiid. 

The  main  objection  to  tlii^  mr-tlio'l  i.t  ihi-  {^ir-.Tibility 
of  mistaking  a  Hand-gninulir  for  a  (^otoiiy.  'i'hi-:  •iljJ<r<-< 
tion  has  been  overci>rii(r  by  S^i^fwick  :uid  Tmrk'-r,  wIk. 
employ  grauulatnl  t-iijfar  iiir-ii-ad  nf  r^md  ;  tbi-,  wbi-n 
brought  into  tbe  lirjnc;fic<l  tc^'lutiti,  dirMilvi  ^,  and  no  ^m-b 
error  as  that  possible  in  tbi-  I'ctri  nn-ilnil  niri  !«■  inadc. 

Sedowick-Ti'ikkh  Mkthoh. — On  tb<-  Hbulr-,  tbi- 
method  propoM.-«l  iiy  S-djrwii-k  and  'I'm-k'-r  fiivr^  Hn-b 
uniform  resultH  that  it  in  to  Ix^  |in'fi'm-d  to  olb<'r.-<.  It 
is  aa  follows : 

The  ap])anitii)<  oniplovcd  by  tbcni  imxA.-t^  (;-Hntiitlly 
of  three  parttt : 

1.  A  glass  tube  of  KjK'cial  form,  lo  \vbi<-b  tb'-  nuin<' 
aSrobioHcope  has  l»o*!n  jrivt'ii. 

2.  A  stout  copper  cylinder  nf  alMnit  sixtffn  litn-s 
capacity,  providwl  with  a  vacuuni-jpnijrc 

3.  An  air-puni]). 

The  aerobioitcojH:  (Fig.  107)  im  abtml  ;(•")  cm.  in  it^ 
entire  length;  it  is  15  cm.  lon^  :ind  4.')  cm.  in  di;im- 
eter  at  its  expanded  part ;  one  end  of  tlic  <'xisind<il  part 
is  narrowed  to  a  nw^k  2.0  cm.  in  diameter  and  2.o  em. 
long.  To  tbo  other  end  is  fused  a  gla.'Vf  tul>e  15  cm. 
long  aw)  0.5  cm.  inside  diameter,  in  which  is  to  be 
placed  the  filtering-material. 
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Upou  this  narrow  tube,  5  cm,  from  the  lower  end,  a 
mark  is  matlu  with  u  tile,  and  up  to  this  mark  a  small 
i>f  brass-wire  gauze  {a)  is  inserted ;  this  serves  as 
a  stop  for  tile  tilteriug-muh^rial  which  is  to  be  placed 
over  it.  Beneath  tlie  gauze  (at  h),  and  also  at  the 
lar^  end   (c),  the  apjiaratus   Is  plumed  with   cotton. 


The  Sedgwlflk-Tucker  aSroblosoope. 

Wlien  tlnjfoiighly  cleaned,  driiid,  and  plugged,  the 
apparatus  is  to  be  sterilized  in  the  hot-air  sterilizer. 
When  enol  the  cotton  plug  is  removed  from  the  large 
end  (c),  and  thoroughly  dried  and  sterilized  No,  50 
granulate  sugar  is  poured  in  until  it  just  fills  the 
10  em.  (rf)  of  the  narrow  tube  above  the  wire  gauze. 
Thig  column  of  sugar  is  the  filtering-material  em- 
ployed to  engage  an<l  retain  the  bacteria.  After 
pouring  in  the  sugar  the  cotton-wool  plug  is  replaced, 
and  the  tube  is  again  sterilized  at  120°  C  for  several 
hours. 

Tiikiiig  the  air  sample.  In  order  to  measure  the 
amount  of  air  used  the  value  of  each  degree  on  the 
vacmim-gauge  is  determined  in  terms  of  air  bv  means 
of  an  air-meter,  or  by  calculation  from  the  known  ca- 
pacity of  the  cylinder.  This  fact  ascertained,  the  nega- 
tive pressure  indicated  by  the  needle  on  exhausting  the 
cylinder  shows  the  volume  of  air  which  must  pass  into 
it  in  onlcr  to  fill  the  vacuum.     By  means  of  the  air- 
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pump  one  (■x}tuii:<ts  tin:  i-yltmliT  until  tliir  ni^-dle 
reaches  the  mark  c(>rn.-s|iiiii(liii)r  to  tlic  aiiioiiiit  at  air 
required.' 

A  sterilized  al'rol>ii)s<^o|K-  \a  now-  to  U-  tixinl  in  tlie 
upright  position  and  itri  ^-niuil  end  eoiinii-ttrtl  hy  a  nihlNT 
tube  with  a  stopcoek  on  the  cylinder,  nr  to  a  jrlas.-i  tiiln; 
tightly  fixed  in  the  nook  of  an  :i!i|iinitiiiK-lH)ttl<-  liy 
means  of  a  perforated  riiW>er  iito[>[iifr.  The  cotton  ])hi(? 
is  then  moved  from  the  upper  end  of  the  aonil>ioK<-o|M', 
and  the  desin-d  amount  of  air  is  aspirated  thn>n;rh  the 
sugar.  Dimt-jKirtieh^  and  luurteria  will  U'  liohl  liac'k 
by  the  sugar.  During  manipniiition  tlio  <rotton  plug  in 
to  be  prot^'Ctcd  from  eontuniination. 

When  the  required  amount  of  air  lia«  lieen  usjilntted 
tlimugh  the  sugar  the  cotton  plug  in  rejilae*^!,  and  by 
gently  tapping  the  nen)l)io.s(y)]H<  wiiile  Ix'M  in  an  ulmotit 
horizontal  position  the  sugjir,  and  with  it  the  liaeteria, 
are  brought  into  tlie  hirtre  purl  (<■)  of  tln'  ap]iiira(uM. 
When  all  the  sugar  is  thus  shaken  <lowii  into  lliis  jwirt 
of  the  apiKiRitus  almul  liO  i-.e,  of  liijnclicd,  steriliziil 
gelatin  is  poun'd  iu  tliroiigh  the  o|KTiiiig  at  the  end  <; 
the  sugar  disw>lvcs,  au<l  the  whole  is  thin  rolled  on  iec, 
just  as  is  done  in  the  prepiir.ition  rif  an  ordinary  K-man-li 
tidte. 

The  gelatin  is  most  iiisily  poured  into  the  ai-nibio- 
BCopo  by  the  nw  of  a  small,  sterilised,  cyliridrieal  funnel 
(Fig.  108),  the  stern  of  wlii.h  i:-  Iniit' to  an  angle  <.f 
about  110°  with  the  long  iixis  of  the  body. 

'  Sudm ''.vliti'liT  BTi'l  Bir-|Miifi[.ar>T  ui.l.  ii.t.  «.irv.  A  [xiir.if  i.nlitiHry 
ttHplHIinK-lHiHli-xi.r  ki>'>wii  rHfwilyUM'liintMl  Inlo  lilris  mul  fnn'Miiiiii 
thercur  anKWiT  [x-rr'iHv  w  11      Or  irt.i-  '■iiri  .lil.riiiim    l.y  lli-   w<ii;Pit 


tbtnUKh  thK  lutiMii 
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The  lai^r  {Mut  of  the  aerobioecope  is  divided  ioto 
squares  to  facilitate  the  counting  of  the  colonies. 

By  the  employment  of  this  apparatus  one  can  filter 
the  air  at  any  pkce,  and  can  then,  without  fear  of  con- 
tamination, carry  the  tubes  to  the  laboratory  and  c(»n- 
plete  the  analyais.    Aside  from  this  advantage,  the  filter 


Bent  runnel  lur  one  vrllh  a^robluscn] 


being  soluble  only  the  iiitwhiblc  bacteria  are  left  im- 
bedded ill  the  gi'latiii. 

For  general  uhc  this  method  is  to  be  preferred  to  the 
others  that  have  l)een  mentioned. 


»A<TKI[I<>rjX!ICAI.    STrDY   OF   THE   KOll^ 

Biictcrtolojrieal  study  of  the  soil  may  be  made  by 
eitlKT  lireiikiiifT  n|i  j-mall  ptirtioles  of  earth  in  liquefied 
im<lii!  uiiil  iiialdnjr  pliites  dirwtly  from  thin ;  or  by  what 
is  iHTJiaiis  :i  licltcr  method,  as  it  gets  rid  of  imioliible 
[Kirtifles  wliH'li  may  give  rise  to  errors;  breaking  up 
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tbe   soil   in  Htorilin^l   water  and  tlii-ii   niakin*;   plati-H 
immediuU'ly  tnini  tlie  water. 

It  miiat  be  IwnK-  hi  mint]  that  many  of  the  f;n>nnil- 
organismx  beliin}^  to  tlic  anaemhir  <!niii]),  !«i  that  in 
these  atudira  thn  {Miint  slioulil  Ik-  rcnit'inlMTftl  and  tiic 
mcthcxls  for  the  miltivution  of  such  orpinisins  iinictis<'d 
ID  connection  with  the  onlinan'  int-thixK  It  iini.-it  also 
be  rememiiorptl  that  the  nitrityinn  orfpmirims,  ovitv- 
whcre  present  in  the  gninnd,  canitut  Ik-  isi>l;itcd  hy  the 
ordinary'  methodic,  and  will  not  eijiih  ar  in  plat'-s  made 
after  cither  of  the  uIk)V(>  plan^.  Thr  siMt-iiil  drviivs 
for  their  cultivation  arc  deaerilMfl  in  the  chaiitiT  on 
Boil-organisnis. 


CHAPTER  XXVIII. 

Methods  or  tosting  disinfuctanta  and  anthwpMea— Eiperimenls  illu^ 
Irating  tbo  precautions  tn  be  takou — ExpeiimcDts  in  akiD-disia- 
tetlina. 

DETBUMINATION   OF   DmiNFBCTANT   PROPERTrES. 

There  are  Bevcnil  ways  of  dotcrmining  tlie  germicidal 
value  of  chemical  substances,  the  moet  common  being 
to  expose  organismit  dried  upon  bite  of  silk  thread  to 
the  disinfectant  for  different  lengtliH  of  time,  and  then, 
after  removing,  and  carefully  washing  the  threads  in 
water,  to  p]ae^>  them  in  nutrient  media  at  a  favorable 
temp^initiire,  and  notice  if  any  growtii  appears.  If  no 
growth  results,  the  disinfection  is  presumably  successful. 
Another  methwl  is  to  mix  fluid  cultures  of  bacteria  with 
the  disinfect^int  in  varying  proportions,  and,  at^r  dif- 
ferent intervals  of  time,  to  determine  if  disinfection  is 
in  prt^resa  by  transferring  a  portion  of  the  mixture  to 
nutrient  metHa,  just  as  in  the  other  methods  of  work. 

By  the  first  of  these  pntceaseB  the  bits  of  thread, 
usually  about  1  to  2  cm.  long,  are  placed  in  a  dry  test- 
tube  provided  with  a  cotton  plug  and  carefully  sterilised, 
either  by  the  dry  method  or  in  the  steam  sterilizer, 
before  using.  They  are  then  immersed  in  a  pure 
bouillon  culture  or  in  a  salt-solution  suspension  of  the 
organism  upon  which  the  disinfeetent  is  to  be  tested, 
I  say  "pure  culture,"  l>eoau8e  it  is  always  desirable  in 
testing  a  substance  to  determine  its'  germicidal  value 
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ibr  sevenil  different  resistant  spoeies  of  Imeteria,  both 
in  Uie  v^'tating  and  in  the  spore  8tagc,  and  also  be- 
cause it  is  only  by  the  use  of  pure  cnltureH  oi  Jamiliar 
species  that  it  ia  possible  to  distinguish  betwoen  the 
colonies  growing  from  the  individuals  tluit  liave  not 
been  destroyed  by  the  disinfectant  under  investigation 
and  those  of  unknown  species  that  may  api)ear  upon 
tiie  plate  as  contaminations  occurring  during  the  mani]>- 
ulation. 

Alter  the  threads  have  remained  in  the  culture  or 
suspension  for  from  five  to  ten  minutes  they  are  re- 
moved under  antiseptic  precautions  and  carefully  sepa- 
rated and  spread  upon  the  bottom  uf  a  sterilixetl  Petri 
dish,  which  is  then  placed  either  in  the  incubator  at  a 
tempemturc  not  exceeding  38°  C.  until  tlie  excess  of  fluid 
has  evaporated,  or  in  a  desiccator  over  sulphuric  acid, 
calcium  chloride,  or  any  other  drying-agent.  The  thn-ads 
are  not  left  there  until  a/>soluUlif  dry,  hut  only  until  the 
rxcesa  of  moisture  has  evaporatcil.  Wl»;n  sutKcii-ntly  <lry 
they  are  immersed  in  solutions  of  the  disinfectant  of  dif- 
ferent but  known  strengths  for  a  fixwl  interval  of  time, 
say  one  or  two  hours,  after  which  they  are  removcil, 
rinsed  in  sterilized  distilled  water  to  remove  the  ex- 
cess of  disinfectant  adhering  to  them,  and  placed  in 
fresh,  sterile  cHlture-me<lia,  which  are  then  plaewl  in 
the  incubator  at  fnim  37"  to  38"  C.  If  after  twenty- 
four  to  forty-eight  or  seventy-two  hours  a  growth  ixicurs 
at  or  about  the  bit  nf  thread,  and  if  this  growth  consists 
of  the  organism  with  which  the  test  was  made,  mani- 
festly there  has  been  no  disinfection ;  if  no  growth 
occurs  after,  at  most,  ninety-six  hours,  it  is  safe  to  pre- 
sume that  the  bacteria  have  been  killed,  unless  our 
efforts  at  rinsing  otf  the  excess  of  disinfectant  from 
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the  thread  have  not  beeo  succesBfiil,  and  si  Hniall  anioimt 
of  diniufe^bint  is  still  active  In  preventing  develtipment 
— i.  c,  is  acting  oh  an  antiseptic. 

By  the  process  in  which  cultures  or  suspensions 
of  the  organisms  are  mixed  with  different  but  known 
strengths  of  the  disinfectant  a  small  portion  of  the 
mixture,  usually  a  l<H}pfid  or  a  ilrop.  is  transferrod 
at  the  end  of  a  definite  time  to  the  fresh  medium 
which  is  to  detennine  whether  the  organisms  have 
been  killed  or  not.  This  is  cflramoniy  a  tul>e  of  fluid 
agar-agar,  which  is  poured  into  a  Petri  dish,  alloweil  to 
solidify,  and  placet!  in  the  incubutor,  as  In  tbt'  preceding 
method. 

After  the  minimum  lirmgth  of  disinfectant  necessary 
to  destroy  the  vitality  of  the  organisms  with  which  we 
are  working  has  been  determined  for  any  fixed  time,  it 
remains  for  us  to  decide  what  is  the  shortest  tim^  in  which 
this  strength  will  liave  the  same  effect.  We  then  work 
with  a  constant  dilution  of  the  disinfectant,  but  with 
varying  intervals  of  exposure — one,  five,  ten  minutes, 
etti, — until  we  have  decided  not  only  the  minimum 
amount  of  disinfci-tant  required  for  the  destruction  of 
the  liacteria,  but  the  shortest  time  necessary  for  this 
under  known  conditions. 

A  factor  not  to  be  lost  sight  of  is  the  temperature 
at  which  these  experiments  are  conducted,  for  it 
must  always  he  borne  in  mind  that  the  action  of  a  dis- 
infectant is  usually  more  erifrgetic  at  a  higher  than  at  a 
lower  temperature. 

Now  in  both  of  thiiw  methods  it  is  cosy  to  see  that 
unless  special  precautions  are  taken  a  minute  portion  of 
the  disinfectant  may  he  carried  along  with  the  thn-ad, 
or  drop,  into  the  medium  which  is  to  detennine  whether 
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the  organisnis  do  or  do  not  iKwseae  the  power  of  growth, 
and  there  have  a  restraining  or  antiseptic  action.  For 
organisms  in  their  aormul  eonilition — that  is,  those 
which  have  never  licen  csixtsuil  to  the  action  of  a  dis- 
infectant— the  amount  of  certain  disinfectants  that  is 
necessary  to  restrain  growth  is  very  small  indeed  ;  and 
for  organisms  that  hnve  already  been  exposetl  for  a 
time  to  snch  agents  this  ainoimt  is  verj'  much  less. 
It  is  plain,  then,  that  if  the  t^st  is  t^i  be  an  dcctirat** 
one,  precautions  must  be  taken  against  admitting  this 
minute  trace  of  disinfectant  to  the  medium  with  which 
we  are  to  determine  whether  the  bacteria  exposed  to  the 
disinfectant  were  killed  or  nut.  The  precautions  hitherto 
taken  to  prevent  this  accident  have  been,  when  the  threude 
were  employed,  washing  them  in  stcrilizetl  distilled 
water  and  tlien  in  alcohol ;  or,  where  fluid  cultures  were 
mixed  with  the  disinfectant  in  solution,  an  effort  was 
usually  made  to  dilute  the  amount  nf  disinfectant  car- 
ried over,  to  a  point  at  which  it  lost  its  inhibiting 
power. 

While  such  precautions  arc  i^ulHcient  in  many  cases, 
they  do  not  answer  for  all.  Certain  eheniicals  have  the 
property  of  combining  so  firmly  with  the  threads  upon 
which  the  bacteria  are  loiat*^d  as  to  require  other  special 
means  of  ridding  the  threads  of  them  ;  and  in  solutions 
in  which  prot^id  substonw^s  are  present  along  with  the 
iMicteria  a  similar  union  between  them  and  the  disin- 
fectant may  likewise  take  place.  In  both  instiincos  this 
amount  of  disinfectant  atlhering  to  the  threads  or  in 
combination  with  the  proteids  must  be  gotteu  rid  of, 
otherwise  the  results  of  the  test  may  be  fallacious.  A  par- 
tial solution  of  the  problem  is  given  through  studies  that 
have  been  mode  upon  corrosive  sublimate  in  its  various 
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upplicatioDS  for  disinfecting  piirposep,  ami  in  this  coii- 
nei-tioD  it  has  becu  showii  bv  Sliaefer'  that  it  is  inipus- 
sibl<.>  to  rid  silk  threads  of  the  L-orroslvc  sublimate  ad- 
hering to  them  hy  simple  wasliing,  as  the  sublimate 
act*  ae  a  mordant  and  fbnIli^  a  firm  union  with  the  tis- 
Hiies  of  the  tlireads,  Braat7. '  foimd  the  same  to  hold 
good  for  catgut.  VoT  example,  he  found  that  catgut  which 
had  been  immersed  in  solutions  of  corrosive  sublimate 
gave  the  ehamet^-ristic  reaotion»  uf  the  suit  after  having 
been  immer^  for  five  weeks  in  distilled  water  which 
had  been  repeatedly  renewed.  Braatz  reraarks  thai 
a  similar  combination  between  sublimate  and  ootttjn 
will  take  place  after  a  long  time;  but  it  occurs  so 
slowly  that  it  cannot  interfere  with  dieinfi-ctiiin-i-x]>cri- 
ments  in  the  same  way  that  silk  does. 

The  most  sncec.ssfid  attempt  at  removing  all  traces 
of  sublimate  from  the  tJireads  or  from  the  proteid  eub- 
stances  in  which  are  located  the  bacteria  whose  vitality 
is  to  be  tested  was  made  hv  Oeppert,  who  subjected 
them  1^»  the  action  of  anmionium  sulphide  in  solution. 
By  this  proee<hire  the  mereun,-  is  converted  into  inert, 
insoluble  sulphide,  and  has  no  inhibiting  effect  ujmn  the 
growth  of  those  bacrterin  that  did  not  succumb  to  its 
action  when  in  tlie  form  of  the  bichloride. 

In  the  second  methm!  of  testing  disinfectants  men- 
tioned above — that  is,  when  cultures  of  l»acteriii  and 
solutions  of  the  disinfectant  are  mixeil,  and  aHcr  s  time 
a  drop  of  the  mixture  is  removeil  and  addcrl  to  sterile 
nutrient  media — the  inhibiting  amount  of  disinfectant 
cjui  readily  lie  gotten  rid  of  by  dilution  ;  tliat  is  to  say, 

'  Shai-fiT 
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instead  of  transferring  the  drop  directly  to  the  fresh 
medium,  add  it  to  10  or  12  c.c.  of  stfrilized  salt-snlu- 
tion  (0.6-0.7  per  cent,  of  NaCl  in  distilled  water)  or 
distilled  water,  and  af^r  thorongldy  shaking  add  a  drop 
of  Ihk  to  tiie  medinm  in  which  the  power  of"  develop- 
ment of  the  bacteria  is  to  be  determined. 

Another  important  [wint  to  be  borne  in  mind  in 
testing  difiinfectants  is  the  necessity  of  so  adjusting  the 
conditions  that  each  individual  organism  will  be  ex- 
posed to  the  action  of  the  agent  used.  When  clumps 
of  bacteria  exist  we  are  not  always  assured  of  this,  fur 
only  those  on  the  surface  of  the  clump  may  be  affected, 
while  those  in  the  centre  of  the  mass  may  escape,  b<'ing 
protected  bv  those  &urroun<ling  thoin.  These  clumps 
and  minute  masses  are  especially  liable  to  lie  present 
in  fluid  cultures  and  in  suspensions  of  bacteria,  and 
must  be  eliminated  before  the  f«8t  is  begun,  if  this  is  to 
be  made  by  mixing  them  with  solutions  of  the  agent  to 
be  tested.  This  is  best  accomplished  in  the  following 
way:  the  organisms  should  be  cultivaU-d  in  bouillon 
containing  sand  or  finely  divided  particles  of  glass; 
after  growing  for  a  sufficient  length  of  time  they  are 
to  be  shaken  thonmghly,  in  order  that  all  clumps  may 
be  mechanically  broken  up  by  the  sand.  The  eidture  is 
then  filtered  through  a  tube  containing  closely  pocked 
glass-wool. 

The  filtration  may  be  accomplished  without  fear  of 
ramtamination  of  the  culture  by  the  employment  of  an 
Allihin  tube,  which  is  praetieally  a  tliick-walled  test- 
tube  drawn  out  to  a  finer  tube  at  its  blunt  end  so  as  to 
convert  it  into  a  sort  of  cylindrical  funnel.  The  tube 
when  ready  for  use  has  the  appearance  shown  in  Fig. 
109. 
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This  tube,  after  being  plu^;ed  at  the  bottom  witfa 
glass-wool  (a,  Fig.  109),  and  at  its  wide  eztremibr 
with  cotton-wool,  is  placed  vertically, 
small  end  down,  into  an  Erlenmeyer 
flask  of  about  100  c.c.  capacity  ami 
Btcrilized  in  a  steam  sterilizer  for  the 
proper  time.  It  is  kept  in  the  sterilizer 
until  it  is  to  be  used,  which  should  be 
as  soou  as  possible  after  sterilizatinn. 

The  watery  suspenHion  or  bouillon 
culture  of  the  organisms  is  now  to  be 
filtered  repeatedly  through  the  glass- 
wool  into  sterilized  flasks  until  a  de- 
gree of  tran8i>arency  is  reached  which 
will  fH-rmit  the  reading  of  niiMh-nitcly 
fiiio  print  throiipli  a  layer  of  the  fluid 
about  2  cm.  thick — i.  i:,  tiirou^h  :in  or- 
dinary tcst-tulH-  fiillof  it.  Thisfiltnite 
Clin  then  be  jiiibjceted  to  the  action  of 
the  <lisinfet'taiit.  As  a  nile,  the  n'siilts 
arc  more  niiiforni  thfin  when  no  atten- 
tion is  pjii«i  to  the  pn'sence  of  dumjis. 
It  is  ii<".»rc(>ly  ncccHHary  to  siy  that  in 
tlif  j)r!ictr<'al  employment  of  (Hsinfcc- 
taiifs  outside  tlic  liil>oratorA-  no  sach  pn-- 
cauitions  an'  taken ;  but  in  lahomtor\' 
work,  wlicre  if  is  desired  to  determine 

,.'H.'l'uc™m.X-  '■■'"'■"■"  *'"'  ^■"'"*'  "'"  «I''l"c"'nt  s'i'bstanccp 
niiiin><  o[i  whiih  -IS  germicides,  ail  the  precmitiims  men- 
llBlnfi-ctsnls  are  I'l      ..         i      ■ii  i      /■         i  i-   i  ^ 

K-  tiiu-d.  tionen  will  be  found  essential  to  preci- 

sion. 
TIic  ilisintlM'taut  value  of  piscs  Jiml  viipora  is  detcr- 
iiiiied    by   their    action    iiimui    test-ubjwts   in    closed 
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chamlHTs.  The  object  is  to  determine  tbe  pruportion 
of  tbe  gas,  wlien  mixed  M'itli  air,  that  is  required  t^D 
destroy  the  bacteria  espcjsed  to  itt>  action  in  a  given 
time.  For  this  purpose  tlie  lest  is  iisiially  made  as 
follows :  under  a  sterilized  bell-phiss  of  known  capacity 
the  test-ohjeete  are  placed.  Into  the  chatuher  is  then 
admitted  Kuftieicnt  of  a  mixture  of  air  and  the  gas  under 
consideration,  of  known  projmrtionp,  to  displace  com- 
pletely all  the  air ;  or  the  pun-  gas  itself  may  be  intro- 
duced in  amoimt  necessary  to  give  the  desired  dihition 
when  mixed  with  the  air  in  the  elmniber.  At  the 
expiration  of  the  time  decided  iijMin  ior  the  test  the 
infected  articles  art-  removed  and  tlie  vitality  of  the 
bacteria  upon  them  in  determined. 

In  the  case  of  vapors  of  volatile  fluids,  sneh,  for 
instance,  as  formalin,  the  fluid  is  placed  under  the  bell- 
glass  in  an  open  dish ;  in  another  open  dish  tlie  test- 
objects  are  placed.  The  bell-glass  is  then  sealed  to  an 
underlying  grnund-gla.***  plate  by  vawliu  or  paraffin, 
and  the  fluid  is  allowed  to  vajiorize  at  ordinari-  roum- 
temperaturc.  The  point  here  to  be  decided  is  the  vol- 
ume or  weight  of  such  a  fluid  that  it  is  necessary  to 
expose  in  an  air-i.'haniber  of  known  cubic  c.ipacily  in 
order  that  bacteria  may  be  destroyed  by  its  vapor  in  a 
given  time, 

In  determining  the  germicidal  value  of  different 
chemical  agents  for  certain  pathogenic  bacteria  sus- 
ceptible animals  arc  sometimes  inoculated  with  the 
organisms  after  they  have  been  exposed  to  the  disin- 
fectant. If  no  pathological  condition  results,  disinfec- 
tion is  presumed  to  have  been  successful ;  while  if  the 
condition  charnoteristic  of  the  activities  of  the  given 
orgamam   in   tlie   tissues  of  this  animal   appears,  the 
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reverse  is  the  case.  The  objections  to  this  method 
are:  "First.  The  test-organisms  may  be  modified  as 
n^gjinls  reproductive  activity  without  bcinpr  killed; 
and  ill  til  is  ease  a  modified  form  of  tlic  disease  niav 
result  from  the  inoculation,  of  so  mild  a  character 
as  to  escaiKj  observation.  Second.  An  animal  that 
has  suffered  this  modified  form  of  the  disesise  enjovs 
protection,  more  or  less  perfect,  from  future  attacks, 
and  if  usckI  for  a  subsequent  experiment  luav,  bv 
its  inimuiiity  from  the  effects  of  the  ixithogenic  test- 
orj^anisni,  give  rise  to  the  mistaken  assumption  that 
this  had  been  destroyed  by  the  action  of  the  ^Tniicidal 
agent  to  which  it  had  been  subjected."     (Sternberg.) 

DKTKRMIXATION    OF   ANTISEPTIC   PROPERTIES. 

l^^)r  this  j)urp<)se  sterile  media  are  emphmMl,  and  an» 
usually  arranged  in  two  grou])s :  the  one  to  remain 
nonnal  in  composition  and  to  serve  as  contn)ls,  while  to 
the  other  tlie  substance  to  be  tested  is  to  be  added  in  dif- 
ferent hnt  known  strengths.  It  is  customary'  to  enipK>y 
t(»st-tul)rs  eaeli  containing  an  exact  amount  of  luuiilhm, 
gelatin,  or  agar-agar,  as  the  case  may  be.  To  eaeh  tuln? 
a  (lelinite  amoinit  of  the  antiseptic  is  added,  and  if  it 
is  not  of*  a  volatile  nature  or  not  injured  by  heat,  the 
tul)es  mav  then  b(»  sterilized.  After  this  thev  art*  to  be 
inoculated  with  the  organism  with  which  the  test  is  to 
be  ma<h',  and  at  the  same  time  one  of  the  'S'ontnd  "- 
tubes  (one  of  those  to  which  no  antise|)tic  has  Ikh^ii 
a(Me<l)  is  inoculated.  They  are  all  then  to  be  plactnl 
in  the  incubator  and  kept  under  observation.  If  at  the 
en<l  of  twentv-four,  fortv-eiHit,  or  seventv-two  hours 
no  growth  appears  in  any  but  the  "  control  "-tul><»s,  it 
is  evident  that  the  antiseptic  must  be  added  in  smaller 
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amounts,  (or  wc  arc  to  ili'tcrminc  tlie  point  at  wliit-Ii  it 
is  not  an  well  as  that  at  wliicli  it  w  capablo  of  preventing 
development,  Tlie  exi»frimeiit  is  then  repeatctl,  using 
smaller  amounts  of  the  antiseptic  until  we  reach  a  point 
at  which  growth  just  occurs,  notwithstaoding  the  pres- 
ence of  the  antiseptic ;  the  amount  neeesBary  for  antisep- 
sis is  then  a  trifle  greater  than  that  used  in  the  last  tube. 
If,  for  example,  there  was  no  development  in  the  tubes 
in  which  the  antiseptic,  was  present  in  the  proportion 
of  1  :  1000,  and  growth  in  the  one  in  which  it  was 
jjresent  in  I  :  1400,  the  experiment  should  be  repeated 
with  strengths  of  the  antiseptic  corresironding  to 
1 :  1000,  1  :  1100,  1  :  1200,  1  :  l.'JOO,  1  :  1400,  and  in 
thig  way  one  ul timat^; I y  determines  the  amount  by  which 
growth  is  just  prevented  ;  this  represents  the  antiseptic 
value  of  the  substance  for  the  oi^nisni  with  which  it 
was  tested. 

EXPERIMENTS. 

To  each  of  three  tubes  containing  10  c.c. — one  of 
physiological  salt-solution,  another  of  bouillon,  a  third  of 
fluid  bloijd-sernm — add  as  much  of  a  culture  of  daphyfo- 
C-0CC1UI  pyoffnu-s  aiirrus  as  can  be  held  upon  a  looped 
platinum  wire.  Break  this  up  carefully  to  eliminate 
clumps,  and  then  add  exactly  10  c.c.  of  a  1  :  500  solution 
of  corrosive  sublimate.  Mis  thorfiughly,  and  at  the 
end  of  three  minutes  transfer  a  drop  from  each  tube 
into  tubes  of  liquefied  agar-agar,  and  pour  these  into 
Petri  dishes.  I^bel  each  dish  carefully  and  place  them 
in  the  incubator.  Are  the  results  the  same  in  all  the 
plates?  How  are  the  differences  to  he  explained?  To 
what  strengtii  of  the  disinfectant  were  the  oi^nisms 
exposed  in  the  experiment? 
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Til  «uib  ol'  two  tubes — tlic  one  <^'Oiitaiiiitig  10  t 
of  normul  ^It-siilution,  the  other  of  bouillon — aild  as 
murh  of  a  i^po re-containing  culture  of  anthrax  Iweilli 
as  can  be  b<?ld  upon  a  ln<ip  of  platinum  wire.  Dia- 
tributc  this  uniformly  tlirtvugb  the  nuHliiini,  and  then 
add  exactly  10  c.c.  of  a  1  :  500  tsolution  of  corroBive 
>tublimat«.  Mix  thoroughly,  and  at  tliv  end  of  five 
minutes  transfer  a  drop  from  each  tulie  to  tubes  of 
liquefied  agar-agar.  Pour  these  immediately  into 
Petri  dishes.  I^bel  each  dish  carefully  and  place  them 
in  the  incubator,  tiote  the  requite  at  the  end  of  twunty- 
four,  forty-eight,  and  seventy-two  hours.  How  do 
you  explain  them  ? 


Make  identii-uUy  the  same  experiment  with  the  same- 
spore-containing  culture  of  anthrax  bacilli,  except  that 
the  drop  fnmi  the  mixture  is  to  be  tran.-iferred  to  lOe.c. 
of  a  mixture  of  equal  parts  of  ammoniuni  sulphide  and 
sterilized  distilled  wator.  After  remaining  in  this  for 
about  half  a  niinnte,  a  drop  is  to  be  transferred  to  a 
tube  of  liquefieit  agar-agar,  iwnred  into  Petri  dislies, 
labelled,  and  placed  in  the  incubator.  Note  the  results. 
Do  they  correspond  with  those  obtaini-<l  in  the  pre- 
c«<Iing  experiment?  How  are  the  differences  ex- 
plained ? 


Prepare  a  I  ;  1000  solution  of  corrosive  sublimate. 
To  cueh  of  twelve  tubes  containing  exaetly  10  c.c  of 
Imuillon  add  one  drtip  to  the  first,  two  drops  to  the 
second,  and  ro  on  initil  the  last  tidio  has  hiwl  twelve 
drops  added  to  it.  Mix  thoroughly  and  then  inoculato 
dicli  with  line  wire-loopful  of  a  iMMiillon  culture  of 
WMM  jiyogmc*  aureun.     Place  them  all  in  the 
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incubator  after  carefully  labelling  them.     Note  the  order 
in  which  growth  appears. 

Do  the  same  with  anthrax  spores,  with  spores  of 
bacillus  subtUiSf  and  with  the  typhoid  bacillus,  and  com- 
pare the  results.  From  these  experiments,  what  will  be 
tlie  strength  of  corrosive  sublimate  necessary  to  anti- 
sepsis under  these  conditions  for  the  organisms  em- 
ployed ? 

Make  a  similar  series  of  experiments  using  a  5  per 
cent,  solution  of  carbolic  acid. 

Determine  the  antiseptic  value  of  the  common  disin- 
fectants for  the  organisms  with  which  you  are  working. 

Determine  the  time  necessary  for  the  destruction  of 
the  organisms  with  which  you  are  working,  by  corro- 
sive sublimate*  in  1  :  1000  solution,  under  different  con- 
ditions— with  and  without  the  presence  of  albuminous 
bodies  otlier  than  the  bacteria,  and  under  varying  con- 
ditions of  temperature. 

In  making  these  experiments  be  careful  to  guard 
against  the  introduction  of  sufficient  sublimate  into  the 
agar-agar  with  which  the  Petri  plate  is  to  be  made  to 
inhibit  the  growth  of  the  organisms  which  may  not  have 
been  destroyed  by  the  sublimate.  This  may  be  done  by 
transferring  two  drops  from  the  mixture  of  sublimate 
and  organism  into  not  less  than  10  c.c.  of  sterilized 
physiological  salt-solution,  in  which  they  may  be  thor- 
oughly shaken  for  from  one  to  two  minutes,  or  into  the 
solution  of  ammonium  sulphide  of  the  strength  given. 

To  10  c.c.  of  a  bouillon  culture  of  sluphylococcus 
pyogenes  aureus  or  anthrax   spores  add   10  c.c.  of  a 
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1  :  500  solution  of  corrosive  sublimate^  and  allow  it  to 
remain  in  contact  with  the  organisms  for  tynly  one-hcdf 
the  time  necessary  to  destroy  them  (use  an  organism 
for  which  this  has  been  determined).  Then  transfer  a 
drop  of  the  mixture  to  each  of  three  liquefied  agar-agar 
tubes  and  pour  them  into  Petri  dishes.  Place  them  in 
the  incubator  and  observe  them  for  twenty-four,  forty- 
eight,  and  seventy-two  hours.  No  growth  occurs.  How 
is  this  to  be  accounted  for  ? 

At  the  end  of  seventy-two  hours  inoculate  all  of  these 
plates  with  a  culture  of  the  same  organism  which  has 
not  been  exposed  to  sublimate,  by  taking  up  bits  of  cult- 
ure on  a  needle  and  drawing  it  across  the  plates.  A 
growth  now  results.  We  have  here  an  experiment  in 
which  orgiiiiisnis  which  have  l>een  exposed  to  sublimate 
for  a  much  Rhoiier  flme  than  nocessarv  to  destrov  tliom, 
when  tninsforred  dircctlv  to  a  favorable  cnlture-miHlium 
do  not  j^row,  and  yet,  wlien  the  same  or^mism  which 
has  not  been  ox]><)S('d  to  sublimate  at  all  is  planted  upon 
tlic  sanu'  niodium  it  does  grow.  How  is  this  to  be  ac- 
counted for? 

Skin-I)Isinfk(TIOX. — With  a  sterilized  knife  scrape 
from  the  skin  of  th(»  hands,  at  the  root  of  the  nails,  and 
un(l<T  tli(»  nails,  small  ])artieles  of  epidermis.  Prt^pare 
])lates  from  them.      Note  the  results. 

Wash  the  hands  carefullv  for  ten  minutes  in  hot 
water  and  serub  them  during;  this  time  with  soap  and 
a  st(  rilize<l  brush.  Kinse  them  in  hot  water.  Again 
])re])are  ])lates  from  sera])inp^of  the  skin  on  the  fingers, 
at  the  ro(»t  of  the  nails,  and  under  the  nails.  Note  the 
results. 

Ag:iin  wash  as  before  in  hot  water  with   soap  and 
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brush,  rinse  in  hot  waUr,  then  souk  the  huiuU  lor  five 
mioiites  in  1  :  1000  corrosive  sublimate  sohitiou,  and, 
as  befori',  prepare  plates  from  scmpingu  from  the  same 
localities.     Note  the  results. 

Repeat  tliis  latter  procedure  in  exactly  the  same  way, 
but  before  taking  the  scrapings  let  sonic  one  pour  am- 
monium Bulphide  over  the  points  from  >vliich  the  scrap- 
ings are  to  be  made.  Atler  it  has  been  on  the  hands 
about  three  minutcB  again  scrape,  and  note  the  result 
upon  plates  made  from  the  scrapings. 

Wash  as  before  iu  hot  water  and  soap,  rinse  in  clean 
hot  water,  immerse  for  a  minute  or  two  in  alcohol, 
after  this  in  1  :  IWX)  sublimate  solution,  and  finally  in 
ammonium  sulphide,  and  then  prepare  platt's  from 
scrapings  from  the  points  mentioned. 

In  what  wny  do  the  results  of  these  experiments 
differ  from  one  another? 

To  what  arc  these  differences  due? 

What  have  these  exi>crimcnts  taught? 

In  making  the  above  experiments  it  must  be  remem- 
bered that  the  strictest  aire  is  necessary  in  or<ler  to 
pn^vent  the  access  of  germs  from  without  into  our 
media.  The  band  npon  which  the  experiment  is  being 
performed  must  be  held  away  fn>m  the  body  and  must 
not  touch  any  object  not  concerned  in  the  experiment-, 
The  Bi'raping  should  be  done  with  the  p<iint  nf  a  knife 
that  has  been  sterilized  in  a  flame  and  allowed  to  cool. 
The  scrapings  may  Iw  transferred  directly  from  the 
knife-jKiint  to  the  gelatin  by  means  of  a  sterilized  plat- 
inum wire  loop. 

The  bru.sh  used  should  be  thoroughly  cleansed  and 
always  kept  in  1  :  1000  solution  of  corrosive  sublimate. 
Jjioald  be  washed  m  hot  water  before  using. 
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List  of  apparatus  and  materials  required  in  a  begin- 
ner^s  bacteriological  laboratory : 

MICROSCOPE  AND   ACCEaSORIES. 

Microscope  with  coarse  and  fine  adjustment  and 
heavy,  firm  base;  Abbe  sub-stage  condensing  system, 
arranged  either  as  the  "  simple  "  or  as  the  regular  Abbe 
condenser,  in  eitlier  case  to  be  provided  with  iris  dia- 
phragm ;  objectives  equivalent,  in  the  English  nomen- 
clature, to  about  one-fourth  inch  and  one-sixth  inch 
dry,  and  one-twelfth  inch  oil-immersion  system;  a 
triple  revolving  nose-piece ;  three  oculars,  varying  in 
magnifying  power ;  and  a  bottle  of  immersion  oil. 

Glass  slides,  English  shape  and  size  and  of  colorless 
glass. 

Six  slides  with  depressions  of  about  1  cm.  in  diameter 
in  centre. 

Cover-slips,  15  by  15  mm.  square  and  not  more  than 
from  0.15  to  0.18  mm.  thick. 

Forceps.  One  pair  of  fine-pointed  forceps  and  one 
pair  of  the  Cornet  or  Stewart  pattern,  for  holding  cover- 
slips. 

Platinum  needles  with  glass  handles.  One  straight, 
about  4  cm.  long ;  one  loop<Ml  at  the  end,  about  4  cm. 
long;    and   one    straight,   about   8    cm.    long.      Glass 
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handles  to  be  a1x>iit  3  mm.  in  thickness  and  from  15 
to  17  cm.  long. 

STAINING-   AND   MOUNTING-REAGENTS. 

2CK)  c.c.  of  saturat^^'d  alcoholic  solution  of  fuchsin. 

200  c.c.  of  satiirat^nl  alcoholic  solution  of  gentian- 
violet. 

2(X)  c.c.  of  saturated  alcoholic  solution  of  methyl ene- 
blue. 

200  grammes  of  pure  aniline. 

200  grammes  of  C.  P.  carbolic  acid. 

500  grammes  of  C.  P.  nitric  acid. 

500  grammes  of  C  P.  sulphuric  acid. 

200  grammes  of  C  P.  glacial  acetic  acid. 

1  litre  of  ordinary  91^95  per  e^ut.  alcohol. 

1  litre  of  absolute  alcohol. 

500  grammes  of  eth(T. 

500  trrainmes  of  ])ure  xylol. 

50  li^nunnies  of  Canada  balsiuu  dissolved  in  xylol. 

100  gnimmes  of  Seh(Ting's  eelloidin. 

10  gnimnies  of  iodine  and  80  grammes  of  potassium 
i(xli<le  in  substance. 

100  grammes  of  tannic  acid. 

100  gramm(»s  of  ferrous  sulphate. 

Distilled  water. 

FOR    NTTRTENT    MEDIA. 

1  pound  of  Tiicbig's  or  Annour's  beef-extract. 
250  gram!n<\s  of  Witte's  or  Sargent's  peptcme. 

2  kilograuimes  of  gold-hibel  gelatin  (Ilesteberg's). 
100  grammes  of  agar-agar  in  substane(\ 

200  gnunin<\s  of  hkUuiu  chloride  (ordinary  tiible-salt). 
500  grammes  of  pure  glycerin. 
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50  grammes  of  pure  glucose. 

20  graDimoB  of  pure  lactose. 

100  grammes  of  caustic  potash. 

200  CO.  of  litmus  tincture. 

10  grammes  of  rowtlic  acid  (corallin). 

Blue  and  red  litmus-paper ;  curcuma  paper. 

f)  grammes  of  phenolphtaloin  in  substance. 

Filter-pa[H.'r,  the  quality  ordinarily  used  hydru^sta. 

100  grammes  of  pyrogallic  acid. 

1  kilogramme  of  C.  P.  granulated  zinc. 

OI-AB8WARE. 

200  best  quality  test-tubes,  slightly  heavier  than  those 
used  for  chemical  work,  about  12  t^j  13  cm.  long  and  12 
to  14  mm.  inside  diameter. 

15  Petri  double  dishes  about  8  or  9  em.  in  diameter 
and  from  1  to  1.5  cm.  deep. 

6  Florence  fla.sks,  Bohemian  glass,  1000  r.c.  capacity. 

6  Florence  fla-^ks,  Bohemian  glass,  500  cc.  capacity. 

12  Erlenmeyer  Dasks,  Bohemian  glass,  100  c.c. 
capacity. 

1  graduated  measuring-cylinder,  1000  c.c.  capacity. 

1  graduated  measii ring-cylinder,  KX)  c.c.  capacity. 

25  lx)ttles,  125  c.c.  oaiKicity,  narrow  necks  \vith 
ground-ghiKs  8top|>ers. 

25  bottles,  125  c.c.  capacity,  wide  mouths,  with 
ground-glas,s  stoppers. 

1  anatomical  or  preserving  jar,  with  tightly  fitting 
cover,  of  about  4  litres  capacity,  f()r  collecting  blowl- 
senim. 

2  battery  jars  of  about  2  litres  capacity,  provideil 
with  loosely  fitting,  weighted,  wire-net  covers  for  mice. 
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10  feet  of  suft-glase  tubing,  2  or  3  mm.  inside  diam- 
eter. 

20  feet  of  Bofl-^lass  tubing,  4  mm.  inside  diameter. 

6  glass  rods,  18  to  20  cm.  long  and  8  or  4  mm.  in 
diameter. 

6  pipettes  of  1  c.c.  each,  divided  into  tenths. 

2  pipettes  of  10  CO.  each,  divided  into  cubic  centi- 
metres and  fractions. 

1  burette  of  50  c.c.  capacity,  divided  into  cubic  cen- 
timetres and  fractions. 

1  sepamting-funnel  of  750  c.c.  capacity  for  tilling 
tubes. 

2  glass  funnels,  best  quality,  about  15  cm.  in  diam- 
eter. 

2  glass  funnelw,  best  quality,  about  8  cm.  In  diameter. 
2  glass  funnels,  best  quality,  alxiut  4  or  5   cm.  in 
diameter. 

2  porcelain  dishes,  200  c.c.  capacity. 

6  ordinary  wati-r  timihlers  for  holding  test-tubes. 

1  ruled  i)late  for  counting  colonies. 

1  fpis^'iior.itor,  600  e.e.  <'apatnty,  pattern  of  Kipp 
or  V.  Wurtha. 

UrRN'EHS.   TrniNG,   ETC. 

2  Bunson  burners,  single  flame. 
1  Hose -burner. 

1  K<«ili  safety-! lurner,  single  flame. 
6  fi-^'t  of  white-rubber  gjis-tiibing. 
12  feet  of  \n\rv  red-nibber  tubing,  5  to  6  mm.  inside 
diameter. 

1  thermo-repulator,  pattern  <if  \i.  Mover  or  Reiehort. 

2  thermometers,  pni<luato<l  in  decrees  of  (Vntignide, 
roistering  from  0  to  100°  C,  graduated  on  the  stem. 
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1  thermometer  graduated  in  tenths  and  registering 
from  0  to  50°  C. 

1  thermometer  registering  to  200°  C. 

INSTRUMENTS,   ETC. 

1  microtome,  pattern  of  Schanze,  with  knife. 

1  razor-strop. 

6  cheap-quality  scalpels^  assorted  sizes. 

2  pairs  heavy  dissecting-forceps. 

1  \mT  medium-size  straight  scissors. 
1  pair  small-size  straight  scissors. 

1  hypodermic  syringe  that  will  stand  steam  steriliza- 
tion. 

2  teasing-nec^dles. 

1  pair  long-handled  cnicible-tongs  for  holding  mice. 

1  wire  mouse-holder. 

2  small  pine  Ixmrds  on  which  to  tack  animals  for 
autopsy. 

2  covered  stone  jars  for  disinfectants  and  for  receiv- 
ing infecteil  materials. 

INCUBATORS    AND   STERILIZERS. 

1  incubator,  siuiple  square  form,  either  entirely  of 
copper  or  of  galvauizcnl  iron  with  copper  l)ottom. 

1  medium-size  liot-air  sterilizer  with  double  walls, 
asbestos  jacket,  and  movable  false  bottom  of  copper 
phit(»s. 

1  medium-size  steam  sterilizcT ;  either  the  pattern  of 
Kocli  or  tliat  known  as  the  A  mold  steam  sterilizer, 
preferably  the  latter. 

MiSC'ELLANKOrs. 

1  pair  of  balances,  capacity  1  kilotrnimme;  accurate 
to  0.2  gramme. 

37 
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1  set  of  cork-borers. 
1  hand-lens. 

1  woo<len  filter-stand. 

2  iron  stands  with  rings  and  clamps. 

8  round,  galvanized  iron-wire  baskets  to  fit  looselv 
into  steam  sterilizer. 

8  square,  gidvanizeil  iron-wire  baskets  to  fit  loosolv 
into  hot-air  sterilizer. 

1  slieet-iron  box  for  sterilizing  pipettes,  etc. 

1  covered  agate-ware  saucepan,  120()  c.c.  cajKieity. 

2  iron  tri|Kxls. 

1  yard  of  nicxlerately  heavy  wire  gauze. 

2  test-tube  racks,  each  holding  24  tul)es,  12  in  a  row. 

1  constant-level,  cast-iron  water-bath. 

2  potato-knives. 

2  test-tubo  brushes  with  reed  or  wire  liandles. 

Cotton-batting. 

Coj^pcr  wire,  wire  nij)pers. 

Kound  and  triangular  files. 

Laix'ls. 

Towels  and  s{)onges. 


^^S^^H*^! 

IND 

Animala,  inoculation  of,  inlravBis- 
cular.  224 

A     lem  of,  30 

267 

producUon  of.  263,  264 
Aerobic  bacteria,  3U 

lion,  233 

Aerobi<isct.i*.554 

241-246 

Media). 

cultures  from  tissueB  at, 
243 

properties  of,  87,  S8 

diBinfeution     of    imple- 

Agglutinin,  479 

luenU  after.  245 

Air,   bttcleriological  annljBis  of. 

disposal  of  remains  from. 

561-566 

Petri's  melliod  for,  552 

SeJgwipk-Tucker   meth- 

incision   tl.n>i>gb    skin. 

od,  553 

241 

Alexins,  50fi 

Niillaira  spear   for  use 

Anaerobic  bacteria.  3B 

at,  244 

methods  of  en Iti valine. 

opening   Uie   body  cavi- 

206-212 

iie«,242 

BnelmerR.  208 

position  of  anim»l.  241 

EHnmr(^b'»,  211 

Krenkel-B,  20S 

242 

lleee'B,  200 

preservaiion    of    tissiies 

KllasaloBndWeil'n, 

from,  244 

211 

Anthmii,44tMti2 

^                                 Koch'x,  206 

K                                Liboriua's.  206 

bacillm.  of,  448-4M 

hiol.TO'  o',  451-454 

^1            bucteria.  202 

^H        Animals,   fluctuallons  in   weight 

eKperinienla  witli.   458- 

4«2 

^B                   23B 

pnthot'eneHiH  of,  454-456 

^B                         223,  227.  230 

a(?aiiist.  456 

BtainioR  of,  4S3 

^^k                    intraperitoneal  and  plell- 

syniplomalic,  bacilbia  of, 

^^^^^         «1,231 

482 
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Antiseptic,  definition  of,  82 
AntiKeptics,  tests  of,  566 
Antitoxins,  496 

Apparatus  necessary  for  bacteri- 
ological work,  573 
preparation  of,  120 
Appendix,  list  of  apparatus,  573 


BACILLI,  45-48 
differentiation  from  spores,  48 
flagella  upon,  53 
in  volution- forms  of,  47 
life-cycle  of,  46 
mode  of  multiplication,  50- 

53 
motility  of,  53 
spore-formation  in,  47,  51 
Bacillus  anthracis,  448 
coli  communis,  393 
"comma,"  402 
diphtheria?,  349 
Finkler-Prior,  429 
influenza*,  334 
leprir,  329 

mallei  (of  glanders),  341 
Neapolitanua,  393 
nitrifying,  4^)3 
(inleinatis  maligni,  476 
of  bubonic  plague,  292 
pyocyaneuH,  287 
|>8eud()-diphtheria.  364 
smegma,  32S 
subtil  is,  2A7 

Hvmptoniatir  anthrax,  482 
syphilis,  328 
tetani,  469 
tu])erculosis,  323 
typhosus,  369 
Bacteria,  aiTobir,  39 
anaerobic,  39 

nietluKls  of  cultivating, 

206-212 
special  method  of  Metch- 

nikofl'.  Uoux  and  Sal- 

enibini,  248 
behavior  toward  staining-re- 

agents,  202 
capsule  surrounding,  163 
cliromogenic,  ^>4 
classification  of,  44 


Bacteria,  conditioiis  neceesary  to 
growth  of,  31-43 
constancy  in  morphology  of, 

definition  of,  31 
denitrifying,  35 
discovery  of,  17-19 
facultative,  40 
fermentation  by,  203 

apparatus  for  testing,  204 
ffases  resulting  from,  205 
flagellated  forms  of,  53 
identification  of,  189 
involution-forms  of,  47 
isolation  of,  in  pure  cultnre, 
83-89 
on  slanted  media,   134, 

135 
principles  of,  83-87 
microscopic  Examination  of, 

190-200 
modes  of  multiplication  of, 

49-52 
morphology  of,  44-54 
motility  of,  53 
nitrifying,  35,  463 
nutrition  of,  36-40 
pathogenic,  33,  \^ 
photogenic,  34 

points  to  l>e  olwerved  in  de- 
scribing, 216 
reaction  pro<luced  by,  201 
relation  to  man,  32,  33 
to  tempeniture,  41 
results  of  growth,  33-36 
r61e  in  nature,  32 
saprogenic,  3r) 
a|H)re-formafion  of,  47,  51 

study  of,  197 
stain  ing-reaetions  of,  202 
svstematic  studv  of,  189 
thermophilic,  41 
thiogenic,  Ii5 

very  minute,  method  of  ex- 
amination of,  248,  249 
zymogenic^  34 
Bacteriology,  application  of  meth- 

(xls  of,  2ol 
Bacterium  coli  commime,  393-400 
characteriHtics  of,  cul- 
tural, 395-398 
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Bacterium  coli  commune,  char- 
acteristics of, 
m  o  rphologi- 
cal,  394 
pathogenic,  398 
differentiation      of, 
from  bacillus  ty- 
phosus, 397 
where  found,  393 
Behring  and  Kitasato,  609 
Billroth,  27 

and  Tiegel,  28 
Birch-llirschfeld,  26 
Black  leg  {see  Symptomatic  An- 
thrax). 
Blood,  relations  to  bacteria  and 

to  toxins,  602,  609 
Blood-serum   as  culture-medium 
(see  Media), 
germicidal  element  of,  606 
Bolton's  potato  method,  104 
Bonnet,  24 
Booker's    modification     of     Es- 

march's  methoil,  132 
Bouillon  {see  Media). 
Brieger  and  Cohn,  476 
Brooding-oven.  136-138 
Bn)wnian  motion,  196 
Buchner,  506,  610 
Bull)  for  water  samples,  640 
Burdon-8anderson,  29 
Burner,    Koch's    safety,   for    use 
with  incubator,  138 


CARBOLIC  acid  as  disinfectant, 
80 
Chauveau,  498 
Chernotaxis,  42 
Chevreul  and  Pnsteur,  23 
Chlorophyll,  31,  32 
Cholera    Asiatica,    diagnosis    of, 

423-428 
method  of  Schotte- 
lius,  410 
spirillum  of,  402 

behavior  of,  in  but- 
ter, 421 
in  milk,  420 
in  soil,  419 
in  water,  417 


Cholera    Asiatica,    spirillum  of, 

characteristics 
of,      cultural, 
404 
morphological, 
402 
effects  of  drying,  422 
existence  outside  the 

body,  417 
experiments     upon 
animals  with,  412 
general     considera- 
tions upon,  416 
isolation  of,  423 
location  in  the  body, 

416 
persistency    of,    in 

dead  body,  422 
poisons  produced  by, 

411 
relation    to    gases, 
409.  422 
to  other  bacte- 
ria, 410,  421 
to  putrefaction, 

420,  421 
to  sunlight,  419 
specific  reaction  of 
immuned  animals 
to,  416.  416 
toxin  of,  411 
Chroniogenic  bacteria,  34 
Classen,  27 
Cohn,  26 
Colon  bacillus  {see  Bacterium  Coli 

Commune). 
Colonies,  counting  of,  647 

study  of,  146 
Comma    bacillus    (tee     Cholera 

Asiatica). 
Cornet,  321 

Corrosive  sublimate  as  disinfect- 
ant, 76,  76 
Cooling-stage,  127,  131 
(Jover-slips,  cleaning  of,  161 
impression,  166 
microscopic  examination  of, 

193 
preparation  of,  161 
steps  in  making,  162 
;  Cultures,  gelatin,  199 
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Cultures,  hanging-drop,  195 

potato,  200 

pure,  146 

reactions  of,  201 

stab-  and  smear-,  146 
Cygnu?us,  375 

DECOLORIZING       solutions, 
173 
I)ecoiniK)8ition,  31,  463 
Defensive  proteids,  507 
Deneke^s    cheese    spirillum    (sm 

Spirillum  tyrogenum). 
Denitrifying  bacteria,  lio 
Diphtheria,  bacillus  of,  349-368 
cultural  peculiarities  of, 

355- 358 
experiments  u|K)n,  340 
location  in  tissues,  358- 

361 
method  of  obtaining,  349 
modificiiiion     in     viru- 
lence, 3()2-36r) 
niorpholoj^y  of,  8.')0-354 
pathoj^iMK'sis  of,  I^")8-362 
poison  produced  by,  362 
priiu'iples   of   iiniuuniz- 

injx  a«?ainst,  oOl) 
psoiulo-diplulicria  bacil- 
lus •"'J4 
luNtolniriciiI   chiuu^cs   accom- 
pany ini:,  3l)0-.*j()2 
l)il)lococ('i,  4() 

Disiiitcitants  an<l  antiseptics,  ex- 
periments with,  o*)? 
general  coM.^idcratioiis,  73  S2 
hicIIkuIs  of  tcstinp:,  o'>S 

precautions    to    l.>e    ol)- 
scrvcd,  501 
use  of  animals  as  test-objects 

f(>r,  •")()•') 
use  of,  in  the  laboratory.  80 
r)isiu  lection,    y^eneral    considera- 
tions, 7)>-S() 
iuHiieiice  of  tempeniture  on, 

76 
inorufanic  salts  in,  74-70 
in  the  Iaborat«u-y,  SO 
investiirations  of  Kninig  and 
Paul  on,  77 


Disinfection,  modus  operandi,  75- 
79 
reliable  ageats  for  purpoees 
of,  80,  81  ^^ 

selection  of  agents  to  be  used 
in,  74 
Dunham's  solution,  115 


E BERTH,  27 
Ehrlich,  27 

"side-chain"  theory  of 
immunity  of,  518 
Eisner's  medium,  384 
Emmerich  and  Fowitzkv,  478 

and  Mattel,  472 
Enzymes,  34 
Erysipelas,  272 
Escherich,  393 
Esmarch  tubes,  131 

Booker's  method  of  roll- 
ing, 132 
made  of  agar-agar,  1 33 
Examinations,       bacteriologit'al, 

during  life,  246 
Exp(>sure     and     contact-ex  jHjri- 
mentvS,  253 


FACULTATI  VKKicteria,  31, 40 
Fehleisen,  27 
Fermentation,  34,  203 

gases  resulting  from,  205 
particular  forms  of,  34-36 
-tube,  204 

method  of  using,  204, 2<)5 
Filter,  method  of  folding,  96,  97 
Finkler- Prior  bacillus,  429 
Flagella,  53 

methods  of  staining,  167-171 
Bunge's,  169 
Loffler's,  167 
van  Ermengem's,  170 
Flagellated  organisms,  53 
Fluids,    examination    of,  during 

life,  246 
Fowl  lulH^rculosis.  332 
Franklaud,  (r.  and  P.  F.,  465 
Fuiniel    for   tilling   aifrobioscope, 
510 
for  tilling  test-tubes,  122 


I 


GAS-PRESSURE  n«ulnlor,  U3 
GelaUuj  uultureii  in,  tOt) 
thetr         charncleri  sties, 
li«9,  200 
preparation  of  (»ee  Media), 
prupertiee,  87, 88 
Gcppvrl,  76 
Ulundeni,  il3»-348 
bocUlus  of,  341 

ciilUviaion  of,  343-347 
inoculs^on  wilh,  344 
luurphnlofty  of,  341 
alainingof,  hi  liwucii,  .'{4S 
disgnoeiB  uf,  by  use  of  tnul- 
lein,  S48 
bj  SintuM'D  tnellioil.  347 
maiiileBtiitiono  of,  SS^.  340 

liietoln^  of,  340,  HI 
BUHvptibility  of  BiilnidH  to, 


Qltivation  of,  270 

Bimmi'o  melbott.  27» 

nielliod. 


SS2 

Wertbeim's  melhoil.  279 
WriKhl'K  mettioil,  2S(l 
liislintCiiUbingfeiUiimiiif  !!!«> 
lijurpboloicy  i)f,  278 
orKanismi  that  limuUte,  285 
pnth'iKeneds  of,  2H4-28U 
vitalily  of,  284 
fionurrbiEa,  yat  of,  377 
lireen   pus  liwilluii  (kv  Bocilliiii 

pyocyanciwl. 
(iiiuniari'B  agHr-gelaitD,  118 


HAI^TED,  231-283 
1 1  Anqing-drop,  IBS 
iUiikio,  MM,  M>7 

mill  Mkrliii,  506 
ll<-nle,22 

lllitK'n  medium,  3(17 
llullmiina,  S3 


Ho^ water  funnel,  98 
Hydrogen,  lesl  for  purity  of,  210 
Hypodermic  ayringes  and  needJea, 
227,230 


IMBEDDING    of  UsBues,  176, 
177 
luun unity,  497 
aojuired,  4B8 

blood  in,  502 
conclusions  cuncerninf,  522 
earlier  studiea  on  blood  rela- 

Uve  to,  503-505 
Ebrtich's  tlieory  of.  518 
''  ex  hauHliuD  "  hy  polbeais.  500 
ei  peri  II  ten  Is  of  the    Klem- 

perrra  on,  614 
hy[M>th(Hia  of  Buchner,  617 
evidence  in  favor  of, 
512-514 
natural,  497 
nnliire  of  prulevtive  bodiei^ 

494, 495.  dm.  .i07.  620 
otwervatiuni  of  Bcliring  and 

KiiasaU),  .5(19 
"  retention  "  liynothesis,  499 
tlieorr  of  Mi-lclinikoir,  501 
liicubntur.  136 

bumer  for  hentins,  138 
j  liidul,  inethoil  uf  delt-iliui;,  218 


prudiictiiin   of,   bv  bavterio, 
213 
Infection.  4H9-)9.'{ 

clieminti  naiurc  of,  493 
ciincliiaiiina  mncernliiK,  522 
muiun  npn'ow/i,  495 
poisons  present  in,  494 
study  of  tTi>«ft  of.  489-491 
InHuentn,  bndllua  of,  334-338 
cnlllvalion  of,  335-837 
difisvmi  nation  uf,  387 
isulatiun  of,  from  tinna, 

336, 387 
morphology  of.  335 

of,  in  tissnca, 
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Inoculation  of  animals,  219-233 
appanituH  used  in,  221, 

223,  227,  230 
intraocular,  233 
intni peritoneal  and  pleu- 
ral, 231 
intralymphatic,  230 
intravascular,  224 
subcutaneous,  223 
Involution-forms  of  bacteria,  47 
Isolation  of  colonies  on  slanted 
media  in  tubes,  134 


TORDAN  and  Richards,  465 


KLERS  *^7,  351 
KlemiHjrer,  F.  and  G.,  work 
on  pneumonia,  475 
Kocli,  fundamental  researches  of, 
29 
IHWtulutcs  of,  32.S 
siiffly  burniT  of,  lo8 
Kriiuig  and  Paul,  77 


1  ACTOSi:  LITMUS    apu-agar 
IJ     or  «ri*Iatiii  istr  MtMliai. 
LeiMiwonliofk,  17-11) 
Lt'iis      for      counting      colonies, 

')4.S 
Lepra  bacillus,  :^29 

stain ing-pcouliarities  of, 
<>.>o 
Letzericli.  27 
L<*vcllinj;-trip(Hl,  127 
Lime,  rhloride  of,  SI 

milk  of,  SO 
Litmus  milk,  114 
I/)lllcr's  alkaline  ujctlivlcue-blue, 
loS 
blood-serum  mixture.  IIS 
UK'tlKMl   for  the  isolation   of 
tbe  bacillus  of  dipbtheria, 
31'.» 
stain  for  fla^ella,  54,  1<)7 
Lcilfler  and  Sebiitz,  discovery  <>f 

the  bacillus  of  glanders,  311 
Lukomskv,  27 


MALIGNANT  oedema,  Uu^illus 
of,  476-481 
cultural     peculiari- 
ties of,  478,  479 
morphology  of,  478 
pathogenesis  of,  479 
susceptibility  of  ani- 
mals to,  480 
Mallein,  348 
Meat-extracts  in  culture-media,  95 

-infusion,  119 
Media,  culture,  90 

agar-agar,  100 

clarification  of,  101 
filtration  of,  101 
glycerin,  102 
neutralization       of, 

90-95,  103 
solution  of,  101,  102 
blood-serum,  106 

Councilman  -  Mal- 

lory  method,  110 

mixture  of  U'yfRer, 

118 
NuttalFs      nietluxl, 

111 
original  method  of 

KtK'h,  106 
preservation  of,  1 10- 
113 
bv  chlon>forui, 
113 
steriliziiti<m  and  so- 
lidification        of, 
108-110 
bouillon,  90 

neutralization       of, 
90-95 
Eisner's    |)Otato-gelatin, 

384 
gelatin,  95 

claritication  of,  98 
filtration  of,  %-98 
solution  of,  96 
sterilization  of,  99 
Guarniari's       agar-agar 

gelatin,  118 
IlissV  me<liuni,  1^7 
lactose-IitnuiH   agar-agar 

or  gelatin,  117 
litmus  milk,  114 
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Media,  culture,  meat-infusion,  119 
milk,  114 

•agar-agar,  114 
peptone   solution,    Dun- 
ham's, 115 
Proskauer  and 
Capaldi's,  390 
rosolic-acid-peptone    so- 
lution, 11(5 
potatoes,  103 

Bolton's       method, 

104 
Esmarch^s    method, 

105 
mashed,  105 
original  method,  103 
Stoddard's  medium,  386 
Metchnikoff,  4()3 

Koux  and  Salembini,  method 
of,  248 
Milk  (see  Media). 
Micrococci,  44,  49 

mode  of  multinlicationof,  49 
Micrococcus  lanceoiatus,  303-^^08 
irregularities    in    devel- 
opment of,  307 
morphological    |>eculiar- 

ities  of,  300,  304,  305 
results     of     inoculation 

with.  307 
staining  of,  307 
suHceptihilitv  of  animals 

to,  'M)S 
variations    in    virulence 

of,  307 
where  found,  305 
tetragenus,  302,  309-311 

cultural  peculiarities  of, 

309-311 
morphology  of,  309 
susceptibility  of  animals 

to,  311 
where  found,  309 
Microscofje,  parts  of,  190 
Mi<T()tonie,  175 


\TA(JKLI,37 
il      Nassiloft;  27 
Nee<lhaui,  22 
Nitrification,  463 


Nitrifying  bacteria,  428-433 
Nitrites,  test  for,  215 
Nitro-monas     of     Winogradsky, 
465-468 

cultural  peculiarities  of, 
466-468 

morphology  of,  466 
Nocard  and  Houx,  247 
Normal  solution,  208 
Nuttall,  243,  295,  296,  502 


OERTEI^  27,  361 
Oil   immersion  svstem,  use 
of.  192,  194 
Ozanam,  21 


PARASITE,  31,  32 
Parietti's  solution,  537 
Pasteur,  21,  23,  29,  39,  500 
Peptone,  test  of  purity  of,   115, 
116 
with  rosolic  acid,  116 
Peritonitis,  producticm  of,  263 
Petri's  dishes,  130 
Pfeiffer,  415,  416,  513,  521 
Phagocytosis,  501 
Photogenic  Uicteria,  34 
Plague,  bubonic,  bacillus  of,  292- 
299 
cultivation  of,  294,  295 
mode  of  infection  with, 

29<>-299 
morphology  of,  294 
occurrence    in     tissues, 
294-296 
.  pathogenesis  of,  295,  296 
vitality  of,  295 
Plates,    appanitus    employed    in 
making,  124-129 
F^ninreh's  modification,  131 
Booker's  mo<lificaticm  of, 
132 
Koi>h*s    fundamental    ohser- 

vati(»ns,  83-87 
iiiateriuls    umhI    in    making, 

121 
Petri's  nxHlifieatioi),  130 
principles    involve<l    in    the 
method,  83-87 
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H                 129 

\J     (m(  Symptom  at  ic  Antiirax), 

H               PluLinim.  neodl»)  and  loops,  125 

■               rtenoii,  20 

n  ECKLiNUHAUSEN,  2fi,  27 
ll     K^ulukir,  gas-preBBiirt',  142 

^B^              Poet-iiiurwm  eiaminuiiiin  of  uni- 

^m                                malls  241-246 

iherinu-,  139 

^^^B                            cultures  froni  timuts  at, 

KindUeisch,  26 

^B                                243 

RuBolic-acid-peplone  solution  (m* 

Media). 

^^                                  taenia  afler,  245 

Rout  and  Yerain,  303 

diBiMwal  of  reoiuins  from, 

245 

eilemnl    inspeclion    at, 

QAPROGENIC  bacteria,  35 
O    Saprophyte,  31 

241 

incinion      Ibroiigh     the 

rCle  of,  in  nature,  32 

fkin  «.  241 

Sarcins,  46 

Nultall'a   spear  for   use 

at,  243 

Scliotielius's  meiliod  of  eiatnin- 

oiiening  of  the  body-cav- 

ing  cholera  eTacilatioiut,  410 

i  ties,  243 

Scl.riWer  and  Dusch,  23 

poailion  of  animal  dur- 

Scliulie, SA 

ing,   241 

Schwauo.  23 

Section-cutting,  175 

242 

slips  ut,  244 

308 

preservation     of    mate- 

from aputoni,  303 

rials  alter,  244 

"Sidechain"  theory  (Keltenthe- 

I'oBtiilalea  of  Koch,  323 

orie)  of  Ehrlich,  siS 

on,  200 

570 

Sinear-ciillurCH,  146 

pilr|«>8es  (iw  Me.liH). 

Smegiiin   bncilliis,  alaining  pecu- 

Prosknoer  ami  Capaldi,  390 

llariuea  of,  328,  3211 

Priidden,  317,  467 

Soil,  Iwcteriological   »n»ly»is   of. 

I'seud^iphtlierin  batillua,  384 

656 

Plomains,  38 

orgnnianw  prewnl  in,  4C8 

Pure  culture.  HH 

phenomena  in  operation  in, 

403 

260.  288,  277 

Spallanluni,  22,  23 

Putrefaction,  31 

SpirillH,46,  49 

BpLrilluti.  of  Ariatiu  cholera  («<«. 

PyoayniieUB.  bacillua,  287-291 

Cholera!. 

of  Denehe,  434-4K7 

^                                   of,  289 

biolofcv  of,  434-4.S7 

morphology  of.  4S4 

^H                                 200 

^^H                             protective  propenin  of, 

of  Finkler-Prior  l»«  Vibrio 

^V 

Prolens). 

BQ^^l'^l 
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Spirillum    ..li    MetdinikoR'    (ke 

!5lapbjioeoci:iiH  |>,vugciieB  nureim,                  i 

Vibrio  MelchnikoTi). 

wliere'lo  be  eipeoted. 

of  Miller,  437-441 

2Q2 

bioloKy  or,  43M40 
mori)Tio]dg]r  of,  438 

citreuB,  267 

epiderniidis  albuB,  268 

SlerilLfation,  ulieiDical,  74 

tyrogeiiuiii  (ow  Spinlliim  of 

bv  heat,  57 

Deneke). 

l,niidple»  invoiced,  69- 

iiudiila,  63 

64 

S|ioivB,  formation  of,  46,  51 

by  hot  air,  58 

mellioil  of  Htuilving,  4S, 

apiairalUB  used,  72 

48,51,52,107 

by  aleaiii,  58-71 

62 

under  pressure,  05-69 

direct,  65 

MiiiniDg  of,  ie4-lU7 

ei|«rinienta  upon,  266 

microBconic  eiamitiRliiin  of, 

300,  301 

at  ]owleDi[ier:iliire,  64 

Vrineiplw  iuvolv«i,  60-66 

ilw  of  the  term,  55-57 

303 

fiiembtrg.  306                                                  ' 

«uti«em;aa.  303-308 
mberculosia,  303-312 

Sl.NldBnl'B  roediiim,  3B8 

glandens  347 

Stab^ullures,  146 

Streptococci,  46 

llwd  in,  150-188 

Streptococcus  pyogenes,  268-274 

acetic  arid,  163 

bioli^j  of,  270-272 

Bovrhill'a,  171 

eUect*     of    inoculntion 

BuQge's,  163 

Willi,  273 

(iabbctt'e,  162 

niorpliolngv  of,  268,  S!fl9 

general  reiuarka  on.  172 
Gram's,  1G2 

where  to  "be    expected, 

2HH,  275 

Gr*y'«.  185 
Koch-Ehr!ich'«,  168 

SiiUilis  bacillus,  257 

Suppuration,  260 

Kuelm«'e,  183 

bacteria    ooiumon     to,    267, 

LoiBer's  blue,  158 

276 

flagella,  167 

general  remiirkH  upon,  276 

Mwller's,  185 

lesH  common  c«u«*  of,  267. 

276 

bottled  for  hold - 

ins,  157 

pUB,  260 

t^ynibineia,  42 

Wei™T«183      ' 
ZJebl-NeelKn,  150,185 

Symptomalic  anlhrax,  badllus  of. 

482-188 

biology  of,  483-488 

2ti7 

differentiulion   frolu   Im- 

BUreuB,  2(iO-267 

cillue    i>f     nialiiinimt 

culiursl    pcculinrl- 

..-.iemn,  4S7 

tie8  of,  261,  --livi 

palbogencsis  of,  486 
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Symptomatic  anthrax, susceptibil- 
ity of  animals  to,  487 
Svphilis  bacillus,  staining  of,  328- 
"330 


TECHNIQUE,  novel,  248 
Test-tubes,  cleaner  for,  120 
cleaning  of,  120 
filling  with  media,  121 
apparatus  for,  122 
plugging  with  cotton,  121 
position  after  filling,  123 
sterilization  of,  123 
Tetanus,  bacillus  of,  469-476 
biology  of,  471 
effects  on  animals,  474 
method  of  obtaining,  469 
morphology  of,  471 
poison  produced  by,  475, 

476 
toxin,  i)otency  of,  476 
specific  affinity  for  nerve- 
cells,  519 
Tetrads,  \i\ 

Therinopliilic  bacteria,  41,  63 
Therino-rej^iilator,  139 
TherniDstat  {see  Incubator). 
Thiogenic  bacteria,  35 
Tissues,  (Miltiu-es  from,  at  autop- 
sies, 243 
examination  during  life, 

246 
Nultall's  spear  for  mak- 
in«r,  243 
cutting  sections  of,  175 
hardening  of,  174 
imbedding  of,  176 
in  eelloidin,  176 
in  paraffin,  177 
preservation  of,  174 
staining  bacteria  in,  174-lSS 
special  nietbtKls,  1S1-1H8 
dahlia,  1S2 
drv,  1S5 
Ebrlich's,  185 
( Train's  181 
(J  ray's,  185 
Kuebne's  1S3 
Weigerfs  1S3 
Ziebl-Neelsen's,  1S5 
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Tissues,  staining  bacteria  in,  steps 

in  the  process,  180 
Tozsmia,  492 
Tozalbumins,  36 
Toxins,  36,  494 
Traube  and  Gscheidlen,  503 
Treviranus,  23 

Tripod  for  levelling  plates,  127 
Tube,  Esmarch,  131 
Tuberculin,  331 
Tutierculosis,  312-323 
avian,  332 

cavitv-formation  in,  316 
conditions    simulating,  332- 

334 
diffuse  caseation  of,  315 
encapsulation  of   tubercular 

foci,  317 
giant  cells  in,  315 
location  of  bacilli  in,  321 
manifestations  in  experimen- 
tal, 313 
miliary     tubercle,    stnicture 

of,  314 
modes  of  infection,  319 
primary  infection,  318 
pseudo,  334 
sputum  in,  300 

inoculation    of    animals 

with,  302 
microscopic    appearance 

of,  300,  301 
staining  of,  160 
susceptibility  of  animals  to, 
332 
Tuberculosis,  bacillus  of,  323-334 
appearance  of   cultures, 

325 
cultivation  from  tissues, 

324 
methods  of  staining,  160, 
185-188 
drv  method,  185 
CJabbett's,  162 
(Jrav's,  185 
Koc?h    -    Ehrlicirs, 

158,  185 
Nuttall's     modific:i- 

tion,  161 
Ziehl     -    Neel>en\s. 

159,  185 


TuberculosiB,  WLlia  of,  micro- 

VAUGHAN,  507 
V      Vibrio    Metchnikovi,    441- 

BCtipIc  appearance  of. 

32li 

446 

organiBm;  thai  simulate 
!^328 

characteristics  of,  cultu- 

ral, 44H44 

morpliulogical,  441 

Bb.  of,  3a8-330 

palhogeneHiH  uf,  444-446 

staining    of,   in    tissues, 

Vibrio   uroleus  of    Kinkier   aiii) 

18S-188 

Prior,  429-434 

stain ing-peculinrities  of. 

327 

morpholc^y  of,  429 

toxin  of,  494 

pathogetiesis  of,  433 

TTiidatl,  24 

relation  to  cholera  nos- 

Typhoid fever,  bacillus  of,  369- 

tras,  429.  434 

392 

Schnylkilllensis,  446 

of,  379 
cultivation  of,  370- 

Vibrion  septique,  476 

374 

mALDEYER,  26 

W      Wassemirnn.    studies    ou 

difficulty  in  identi- 

d,a;S.,.,. 

tetanus  to:iin,  519 
Water,  genernl  observations  upon 

bacillus    coli 

bacleriolc^ical    study    of, 

526-532 

397 

Hiss's   method, 

analysis  of,  532 

387 

Parletti'smeth 

taining     sample. 

od,  537 

533 

Proskauer  and 

Capaldi's 

in,  533 

method,  390 

Stoddard's 

analysis  of,  538 

method,  386 

collection  of  sample, 

Eisner  raediiiro  for 

539-542 

isolating,  384 

countinjc  colonies  in. 

546 

392 

apparatus     for, 

547-550 

374 

selection   of  proper 

location   of,   in   tin- 

moliiim  for,  544- 

sues,  3T3 

54U 

morphologv  of,  369 

relation    of,    to    epidemics, 

reaction  of,  with  ty- 

526 

phoid  sen>t..,  379 

typhoid  bacilli  in,  529,  530, 

sonrce   fmni   »hiel. 

537 

to  obtain,  391 

value  of  bacteriological  ex- 

water as  o  carrier  of. 

amination  of,  530 

626 

value  of  chemical  examina- 

Widal's       reaction 

tion  of,  528 

with,  380 

Weigert,  30,  518 
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Oa(^  of  its  most  ittnicliTe  charsc-  oessfiillv.    Tti  tliciee  obo  require  s 

lerislics  is  that  the  directions  are  ao  condensed  vel  Devertheless  complete 

(Clearly  given   that  anyone  with  a  work  upoii   Bact«rioloii^   we   moat 

moderntv  amount oriaboratory  train-  I'Onlially  rvcomniend  it.^—Tht  ThrnA- 

Ing  can,  with  a  little  nare   a»  U>  peutic  Gaifllr. 
detail,  make  hin  experimeals    nuc- 

AHEIRICAN  SY8TKM  OF  PRAOnCAI.  MEDICINE.    A  SYS- 
TEM OF  PRACTICAL  MEDICINE.    In  contributions  by  Varioui 
American   AutUon.    Exiled  br  Alprko  L.  Loomis,  M.D.,  LL.D., 
and  W.  GiLUAN  Thompson,  U.  D.     In  four  vtiry  haudaome  octavo 
Tolomea  of  about  900  pagea  each,  fully  illuitiBted.     CompUle  wort 
tiorr  ready.     Per  Volume,  cloth,  $5;  lealher,  (6;   half  Morocco,  $7, 
Far  lait  by  lubieriplion  tmly.    Proepeclua  free  ou  application. 
Every  chapter  1b  a  masterpiece  of  I  cine"   is   a   work  of  which   evei; 
complelencH,  and  is  pnrticalarly  ei-  '  American  physician  may  neMonsUy 
cclleiit  in  regard  to  treatment,  many  !  feel  proud^  and  in  ohieh  ever*  prMi- 
criginal      preacriptioui.      formulic,  i  litioner  will  find  a  aafe  and  tltlat- 
chartB  and  tables  EwinKfiiven  for  the  j  worthy  counsellor  in    the  daily  re- 
goidnnce  of  the  practitioner.  ;  spongftiilitieB  of  practice. — Tht'Oh-io 

"Tlie  American  Syitom  of  Uwli- .  MrdiealJoiimai. 


tavo  volumes,  conlaining  alMUt  4000  paeea, 

TOB  and  many  full-pace  pUUi.  Volume  IV., 
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AMERICAN    TEXT-BOOKS  OP    DENTISTRY.      In  Ctontribu- 

tioni  by   Emioeut  Aiuerican  Aiilhnrili«fl.    In  two  very  handaome 

octavo  volumei,  richly  illuHlrak-d  : 
PROSTHETIC  DENTISTRY.  Edited  by  Charles  J.  E«io,  M.D.. 

D.D.B,,  Professor  of  Mechanical  Dentistry  and  Uelallutsy,  Denrtment 

ofDentlatr/,  Universitv  of  PennsvlvauU,  Philadelphia.    760  pages, 

883  engravings.    Cloib,'*6;  leatW,  $T.    yet. 
No  more  thorough  production  will       It  is  up  to  date  in  every  partieulnr. 

b«  found  either  in  this  country  or  in    '"  '    "  ' .<-..--  — 

any  country  where  dentistry  ia  un- 
derstood as  a  part  of  civilization. — 
TTie  Intemnliimal  Dental  Jonmnl. 

OPERATIVE  DENTISTRY.  Edited  by  RnWAllD  C.KlRS.D.D.S., 
PrDfenor  of  Clinical  Dentistrv,  Department  of  DcntiitiTr.  Univeraity 
of  Penniylvania.    698i)ages,  761  engravings.    Cloth,  }i6.50;  kiilber, 
$a.SO.    tfet.    Jut  ready. 
Written  by  a   number  of  practi-  ,      II  is  replete  in   every  particular 
Uoncrs  as  well   known  at  the  chair    and  Ireala  IhesubjcCtiDaprngrtssive 
as  in  iouraalistic  literature,  manyof  manner.    It  ia  a  book  that  every 
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colleges.    It  should  be  included  in !  and  we  can  heurtilv  rrcommeuil  it 
the  list  of  lext-books  set  down  ai    to  the  profeniou.— }llr  Ohio  DtnUil 
moal  usefii!  In  the  college  sludenL —    Jaamat. 
The  Dental  Item.  ' 
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RICS. In  treMUeB  by  llie  moat  smineut  American  specialiiila.  dj-ne- 
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AMKIHCAN  TFIXT-BOOK  OF  ANATOMY.    See  Gerrith.  page  tl. 

AUiBN  IHARRIBON).  A  SYSTEM  OF  HUMAN  ANATOMY; 
WITH  AN  INTRODUCTORY  SECTION  ON  HISTOLOGY,  by 
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1161  pages, with 666 ungravioga.  Cloth.W;  leather,!;. 
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large  octavo  volumes.eontainias  5573  pages  and  loa  iltustralioni.  Prioe 
per  volume,  cloth,  15 ;  leather  fO  ;  half  Rusaia,  (7.  Sold  by  tubttrip- 
tion  only,     Proapectii*  free  on  application  to  the  Publishers. 

ATTP1EIJ>  (JOHN).  CHEMISTRY ;  GENERAL.  MEDICAL  AND 
PHARMACEUTICAL.  New  (16th)  edition,  epeciallj  revised  by  the 
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TICE OF  GYN.CCOLOGY,  for  the  aae  of  Students  and  Practitioner*. 
Third  edition,  enlarged  and  revised.    In  one  large  Svo.  volume  of  880 
pages,  with  150  original  engravings.    Cloth,  $5  :  leather,  %6. 
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FIEIiD  (GEOROE  P.).    A    MAKUAL   OF    DISEASES  OF   THE 

EAR.    Fourth  edition.    Id  one  octavo  volume  of  3S1  pagea,  with  73 

engravings  and  21  oolored  plales.     Cloth,  (3.75. 

To  those   who   desire   a  concise  '  It  ia  just  such  a  work  as  is  needed 

■-      -    '■ of  the  ear,  o1  ear  I  by     every    general    practitioner. — 

is   manual    com-    Ameriiian  Jyvclt'lierter  and  Nevm. 
nest  degree.  ' 

FLINT  lADSTDJl.    A   TREATISE   ON   THE   PRINCIPLES  AND 

PRACTICE   OF  MEDICINE.    Seventh  edition,  thoroughly  revised 

by  FnBDKWCK  P.  Hknrt,  M.  D.    In  one  large  8vo.  volume  of  1143 

pages,  with  engraving*.    Cloth.  fS.OO ;  leather,  tO.OO. 

The  work  boa  well  earied  its  Iced- '  medicine  in  the  medical  schoola. — 

ing   place   in   medical   literature.—  1  Northm 

Mtdienl  Record.  ■     The  h 

The  leading  teit-book  on  general  |  '^bIuM," 

A   MANUAL   OF   AUSCULTATION  AND  PERCUSSION;  of 

the  Physical  Diagnosis  of  Diseases  of  the  Lungs  and  Hesrt,  sad  of 
Thoracic  Aneurism.  Fifth  edition,  revised  by  James  C.  WiI£ON,  M.  D. 
In  one  handsome  l2mo.  volume  of  274  pages,  with  12  engravings. 

A     PRACTICAL   TREATISE   ON    THE    DIAGNOSIS   AND 

TREATMENT  OF  DISEASES  OF  THE  HEAKT.  Second  edition 
enlarged.     In  one  octavo  volume  of  650  ps«e*.     Cloth,  fl. 

A   PRACTICAL   TREATISE   ON   THE  PHYSICAL  EXPIXJ- 

RATION  OF  THE  CHEST,  AND  THE  DIAGNOSIS  OF  DIS- 
EASES AFFECTING  THE  RESPIRATORY  ORGANS.  Second 
and  revised  edition.     In  one  octavo  volume  of  591  pages.   Cloth,  (4.S0. 

MEDICAL  ESSAYS.  In  one  12mo.  vol.  of  210  pages.  aoth,$l.38. 

ON  PHTHISIS;  ITS  MORBID  ANATOMY  ETIOLOGY,ETC. 

A  Series  of  Clinical  Lectures.  In  one  8vo.  volame  of  MS  pagw- 
Cloth,  »S.50, 
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FOI^OH   (C,  F.).     AN    ABSTRACT    OF   STATUTES   OF    0.  8. 
ON  CUSTODY  OF  THE  INSANE.    Id  one  8vo.  vol,  of  108  imgea. 

Cioth,  $1.30.    With  Clotuton  on  Mental  Diieaiet  (new  edilum.  «« 
page  6]  tS.lX),  titt,  for  the  two  works. 

FOKMULARY,  POCKET,  sec  page  32. 

FOSTER  (MICHAEL).   A  TEXT-BOOK  OF  PHYSIOLOGY.    New 

(6th)  and  reriBed  AmeriCBJi  from  the  lixth  EnglUh  editioo.    In  oti« 

large  octnvo  roliime  nf  92^)  pftges,  with  267  illusi rations.    Clolh,  ^.50 ; 

leather,  $5.50. 

Unqiiestionablf  the  beat  book  that    coarse,  and  all   thai   the  phjlician 

can  he  planed  in  the  student's  hands, '  will  need  as  well.— iJoBifnfou   Med. 

and  as  a  work  of  reference  for  the   .KoiitWj. 

busy  phjsicinn  it  can  scarce!}'  be  j      For  physician,  student,  or  teacher 
excelled. —  Tht  Phiia.  Polyelinic.       '  thii  is  and  lotie  will   remain  the 
This    single    volume  Oootains  all    standard,  np-to-dftte  work  On  physi- 
ihat  will  be  necessary  in  a  college   ology. —  Virginia  Mtdieut  Monthly. 
FOTRBRGIIiLi  (J.  MILNBR).     THE  PBACTITIONER'S  HAND- 
BOOK OF  TREATMENT.    Third  edition.    In  one  handsome  octaro 
volume  of  664  pages.     Cloth,  (3.75 ;  leather,  W.7S. 
To   have    a.    description    of    the  .  clearly  stated,  cannot  (ail  to  prove 
normal  ph)' Biological  processes  of  an  |  a  greatconvenience  to  many  thought- 
organ  and  of  the  methods  of  treat-  |  fill  bat  busy  physicians.    The  pnia- 
.    _i     .-.-     i.:j      ___a:.:__^    j[^j  yujug  ^f  ^1,^  yplnme  is  J[reatly 


morbid 


POIFNES  (GEOROE).  A  MANUAL  OF  ELEMENTARY  CHEM- 
ISTRY (INORGANIC  AND  ORGANIC).  Twelllh  edition.  Em- 
bodying WaTTO'  Phytical  and  Inorganic  CktmiitTy.  In  one  royal 
nmo.  volume  of  1061  pages,  with  168  engraviDgs,  and  1  colorrd 
plate.     Cloth,  12.76;  leather,  $3.3S. 

PRANKiAWD (E.)  AM>  JAPP(F.R.]. INORGANIC  CHEMISTRY. 
In  one  handsome  octavo  volume  of  677  page«,  with  Gl  engravingi  and 
2  plates,     Clolh,  t:i.76;  Icalher,  $4.75. 

FUliLER  (EUGENE).  DISORDERS  OF  THE  SEXUAL  OR- 
GANS IN  THE  MALE.  In  one  very  handsome  octavo  volume  of 
23S  pogin,  with  25  engravings  and  8  ftill-page  plates.  Cloth,  $3. 
Itis  an  inlereating  work,  and  one    tive    and    brings    views     of  sound 

which,  in   view  of  the  large    and  '  pathology  and  rational  treatment  to 

profitable  amount  of  work  douc  in  I  many  oases  of  sexunl  dislnrbance 

this  Gi-ld  of  late  years,  is  timely  and    whose  treatment  has  been  too  oflco 

well  needed,— Iffdirai  ^orlwipAj/jf.  fruitless  for  good.  —  Jnnali  of 
The  book  is  valuable  and  instrue- 1  .Surgery. 

FULLER  (HENRY).  ON  DISEASES  OF  THE  LUNGS  AND  AIR 
PASSAGES,  Their  Pathology,  Physical  Diagoosia,  Symptoms  and 
Treatment.  From  second  English  edition.  In  oik  8vD.  Volume  of  4TS 
pages,    Clolh,  $3.50. 

GANT  (FREDERICK  JAMES).  TUE  STUDENTS  SURGERY.  A 
Mullum  in  Parvo.  In  one  square  octavo  volume  of  845  pages,  with 
159  engnlvinga.     Clolh,  $3,75. 

GIBBE8  (HEiNEIAOB).  PRACTICAL  PATHOLOGY  AND  MOR< 
BID  HISTOLOGY.  In  one  very  handsome  octavo  volume  of  S14 
pages,  with  60  illustrations,  mustly  photographio.    Cloth,  $2.76. 
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GERRISU  IFBEDEIBIC  H.).  A  TEXT-BOOK  OF  ANATOMY. 
By  American  Authora.  Edil«d  b;  FredericH.  Gerrith,  M.  D.  Jo  one 
imp.  octavo  volume  or  <ll.^  pnECB.  with  950  illuMraliona  in  blacic  and 
colors.  JtiHrrady.  Cllh,t6.5f)iBcilble  waterproof, (7;  l™Ui.,(7.S0,Hff. 

Ill  thii,  the  first  representative  treu tile  on  Anutomf  produced  in  America, 
no  eflbrtor  ejipeose  hu  be«D  spared  to  nnite  an  authoritative  text  with  the 
most  BURceurul  anatomical  pictnrea  which  bave  yet  appeared  in  (he  world. 

The  editor  has  secared  the  co-operation  oi  the  professors  of  analomj  in 
leading  medical  ooUegea,  and  with  Ihem  baa  prepared  a  text  conapieuoDi 
for  its  simplicity,  nnity  and  jndicioua  selection  of  such  anatomiciLl  factii  as 
bear  on  phjHiology,  surgery  and  inleraat  medicine  iu  the  moit  eompie- 
hensive  sense  of  those  termn.  Tlie  authors  have  endeavored  (a  make  a 
book  which  shall  stand  in  the  place  of  a  living  teacher  tc  the  student,  and 
which  shall  bo  of  aotnal  service  to  the  practitioner  in  hla  clinical  work, 
emphBHizin^  the  most  important  subjeots,  clarifying  obscurities,  helping 
muHt  in  the  parts  most  difficult  to  learn,  and  illuatratiug  everything  by  all 
aviitlabic  methods. 


OBAY(HENRV).  ANATOMY.  DESCRIPTIVK  AND  SURGICAL. 
New  and  Ihoronghlv  revised  American  edition,  much  eular^jed  in  lent, 
and  in  engraving  in  black  and  colore.  In  one  imperial  octavo  volume 
of  1239  pages,  with  772  large  and  elnbomtc  engravings  on  wood.  Price 
of  edition  with  illustratious  iu  colore :  cloth,  (7 ;  leather.  tS.  Price 
of  edition  with  illustrations  in  black :  cloth,  $S;  leather,  17. 


This   is   the  be 
upon    Anatomy 
I  angoage . —  Ui"Bt> 


t  aingle  volume 
n  the  English 
liljl  Medical  Hag- 


ing,  and  especially  the  Surgical 
Analomy. — Chicogo  Mtd.  Rtcordtr. 

Holds  first  place  in  the  esteem  of 
both  teachers  and  studenli. — TKe 
BTOoklyn  Medical  Jounuil. 

The  foremost  of  all  medical  text- 
books.— Mtdieal  Fortitighlly. 

Qrai/'i  Anatomy  ahoiild  be  the 
firat  work  which  a  meilical  student 
should  purchase,  nor  should  he  be 
without  a  copy  throughout  his  pro- 
fessional career.— A'(t*ftnrj  Medicnt 
Review. 

GRAY  (LANDON  CARTER).  A  TREATISE  ON  NERVOUS  AND 
MENTAL  DISEASES.    For  Studenlf  ind  PrscliUoners  of  Medicine. 

New  (2d)  edition.  In  one  handsome  octavo  volume  of  TS8  pages,  with 
173  engravings  and  3  colored  plates.  Cloth,  »4.7Si  leather,  (5.76. 
p-l<>date    lext-book     upon    meaanrea  which  are  oflen  the  physi- 


(rniy'a.4nabn»^aSords  I  he  student 
more  aatisfiuition  than  any  other 
treatise  with  which  we  are  familiar. 
—Buffalo  Med.  Journal. 

The  most  larj^ly  used  anatomical 
text-book  published  in  the  English 
language. — Annali  aj  SiiTgery, 


bined.  A  well-written,  tene  ex- 
plicit, and  author! (ativa  volume 
treating  of  both  subjects  is  a  step  iu 
the  direction  of  popular  demand. — 
Tht  (Stieago  Clinical  Btvita. 

"The  word  treatment,"  >a};s  the 
author,  "  has  been  conab^ed  in  the 
broadest  sense  (o  include  not  only 
medicinal  and  n on- medicinal  agenta, 
but  also  ihoHe  hygienic  and  di — '" 


sian's  beat  reliance."— TAe  Jouni 
of  the  American  Medical  Auoeiation. 
The  desoriptions  of  the  various 
diseaaea  are  accurate  and  the  symp- 
loma  and  diflerential  diagnosis  are 
set  befhre  the  student  in  such  a  way 
as  to  he  readily  comprehended.  The 
author's  long  experience  renders  '  " 


L  value.  I 

dMen-  I 


I 
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|T.  BESRTi'.    AS   INTBODDCnON   TO  PA.THOL0OT 

A»D  UOBBID  A>'ATOUY.    !i>v  (Stb)  Amnieu  frm  iSa  ei^kUi 
Landoti  edition.     In  one  huubonH  otttro  tolame  of  SSI  p«ftU,  villi 
216  oiBnTinga  ukI  ■  colored  pUle.    Ootli,  t^iiO.  ■ 
work  ibal  ii  Uie  lext-book  of  of  the  da^ — M  math  • 


r5SIp.ga,« 


precuEl^  mnDthe  neeiliaDd  wubt*  The  work  ii  aa  amtiti  l»  die  p 
of   ihe   geoenl    pnecitioDvr. —  r&f   titioner — wbtUMrunneworpk**- 
^Bun'ean  iVofCitioun- and  A'nrt.        ician.     It  i*  Uw  bcM  M  ap-lodata 
ffn«t'<  /UAoJd^  i>  the  teit-book  ,  lexl-booki.^  rtrginia  MM.  JAsO/y. 
OREBNB  (WnXlAM  H.l.    A  MANCAL  OP  llEDICAL  CHEU- 
UTKY.     For  tbe  tw  of  StodenU.     Bued  upon  BowmaiCs  Mtdieat 
CA^niitry.    In  one  ISmo.ToLof  310  iM«w,wuIi  74  iUiM.  a<>tli.tl.7S. 
CROSS  (SAHVEI.  D.l.    A  PBACTICAL  TREATISE  OK  THE  DIS- 
EASES. INJURIES  AND  MALFORMATIONS  OF  THE  t'RINAKY 
BLAIHIEB,  THE   PROSTATE   GLAND  AND  THE  CBETHR.^_ 
Thild  editiuD,  Ihnroaghl;  rcriwd  uui  ediled  br  i^lNrEl,  W.  GrcsB. 
M.  D.     Iq  one  octavo  rol  of  574  l-agt*,  "rith  i;o'iUoi.     Cloth,  iiXK 
HABERSHON  (S.  O.I.    ON  THE  DISEASES  OF  THE  ABDOUEN, 
eompriiiiig   Ihuse  of  the   Stonuch.  (Esophacua,  Cwxiiui.    laianian 

ind  Perilowuffl.    Second  Americmii  from  the  tbiid  Engtidi  ediliOB- 

In  ooe  octavo  Tolume  of  5&I  pages,  with  II  engnTiiifni.     Cloth,  UJO. 
HAL.L   (WIXFIELD  8.)  TEST  BiXlK  OF   PHYSIOLOGY.  Oeuy 

■hout  500  pages,  richtf  illiutrattd.    /ii  prm. 
HAHIl/ION(AI<IiA!«HCI.ANEt.    NEEVOCS  DISEASES,  THEIR 
DESCRIPTION  AND  TREATMENT.    Seennd  aad  lerani  edition. 
In  one  octavo  rolmue  of  S9S  pages,  with  73  engraviafi.    Cloth.  t4- 
HAHILTON  (PRANK  H.).   A  PRACTICAL  TREATISE  ON  FRAC- 
TURES AND  DISLOCATIONS.    Eighth  editio&.rcnBedaDdedilBl 
br  Stephbh  Smitii,  A.  M.,  M.  D.    Id  ooe  baDitacnic  octaio-Tcdime  nf 
833  papa,  with  507  engravings    Clotfa,  $5JS0;  k*thtr,  t«.60. 
Ita  Dumeroat  editioni  are  conrio- 1  ougblf  id  acoordaocc  with  nodmi 
K  proof  of  iti  value  anil  popular-   practice  thcvmieallv,  nMchaairalW, 
,    It  is  preeminent!;  the  aothorilj  I  aseplieaUf.  -    "    '         ^  ■-     ■ 


[tupreemini 
on  fiBCtarea  and  dislocations.  Thoi 


—Boaun    Midital   aui 


Sargintl  Jeumat. 

-iLOFSKIKDiai __ 

3{  .VX  pagta.  with  40  ilhntiatkaia 


I  M  diagnaut.dacriptioiia 
_  and  capMiallT  in  tmt- 
Indiana  JrnttVol  JoHrual. 


2  pUtea.  Ciolh,  t2.25.  net.  , 
The  iiest  of  all  the  small  books  to  day  elini 
recommend  to  studenU  and  praeti-  >lreDEth 
lionero.  Probably  no  --  '  -  -' ■  -^  - 
demiatoiogiiit«  ban  had 
HARE  (HOBART  AMORT'.  PRACHCAL  DIAGNOSIS.  THE 
USE  OF  SYMPTOMS  IN  THE  DIAGNOSIS  OF  DISEASE,  Sew 
(4lb)  edition.  In  one  octavo  Tolumeof  623  pagea,  with  Xfi  eograTinga 
and  14  (iill.page  oulored  plates.  Cloth,  $5.00,  im*.  JitM  roadjr. 
It  is  unique  in  manj*  respeclii,  and  he  will  beoome  a  betler  diagnoati- 
Ihe  author  hai  introduced  radical  cian.  This  is  a  eompwuiHi  to  /¥ae- 
which  will  be  welcomed  bv  tical  neropaitiei,  far  tht  WMie 
ijoae  who  reads  tbii  book  author,  and  it  isdilScafl  to  eoaoeivc 
beoome  a  more  acute  Dbscrvtr,  orany  (wo  work*  ofgnatcrpraetiea] 
par  more  attention  to  the  simple  ntililjr. — KtHtaS  Itiritw. 
bniMtiTe  signs  of  disease,  inA 


HAJIE  (HOBART  AMORY).    A   TEXT-BOOK   OF  PRiCTICAL 

THF:RAPF:[n'ICS,  with  Special  Reference  to  Ihe  Applicatioa  of  Reme- 
dial Ueasurea  to  Diaeftge  sod  their  Emplofmeiit  upon  »  Rationo] 
Basil.  Witb  articles  OD  varioiu  subjecla  by  vell-lcnowii  specialiita. 
N'ew  [7Ih)  uid  revised  Kdition.  In  one  ocluvo  valimi«  of  776  pages. 
Cloth,  t3.75,nfi;  leather.  »4. 60.  n"- 

Its  clasaiflcaliaiiH  ure  inimitabU-, 
and  [be  readinew  with  which  any- 
thing  can  be  found  )■  the  most  won- 
dvrful  achievemeuC  of  (he  art  of  iu- 
ttviiag.  This  editioD  takes  in  all 
the  latest  discovered  remedies. — 
The  St.  Louii  Ciniiive. 

The  great  valne  of  the  work  lies 
in  the  fact  that  pnwiae  iodicatlooi 
for  admin iatratioD  are  given,  A 
Domplcte  index  of  diseawa  and 
remedies  makes  it  an  easy  reference 
wurk.     It  has  been  arranged  ho  that 


it  con  be  readily  used  li 
with   Hare's    Praetlcal    Diagnoiii. 
For  the  needs  of  the  student  aad 
general  practitiouer  it  has  uo  equal. 
—Mcdirat  Setinntl. 
The  best  planned  therapeutic  work 


of  the   I 


—A  mtnean    Prac- 


HARE  (HOBART  AMORY) 

TIONS  AND  8E(/UEL.*;  0 
pages,  21  eogravings  and  two 
t2.4U,  nrf. 


nN  THE  MEDICAL  COMPLICA- 
i-  TYPHOID  FEVER.  Octavo,  276 
fiill'page  plates.    Jwt  ready.    Cloth, 


HARB  (HOBART  AHORY,  EDITOR).  A  SYSTEM  OF  PRAC- 
TICAL THERAPEUTICS.  In  •  series  of  onnlributions  by  eminent 
praatitioDers.  In  four  large  octavo  volumes  eompriEing  about  4600 
pages,with  about  550  engravings,  \o\.l\ .,  jvM  ready.  Fin- tale  by  tub- 
tcriptum  only.  Fall  prospectns  free  on  application  to  the  Publisbers. 
Regular  price,  Vol,  IV.,  oloth,  {6;  leather,  $7;  half  Russia,  18. 
Price  Vol.  IV,  to  farmer  or  new  subscribers  to  complete  work,  oloth, 
|;  :  leather,  $6  ;  half  Russia,  $7.  Complete  worb,  clotb.  t20  ;  leather, 
%2i:  half  Ruffiia,  (28. 


The  great  value  of  Hare's  System  of  Practical  Therapeatia  1 
widespread  demand  for  a  new  volume  to  represent  advances  h 
made  since  the  publication  of  the  first  three.  More  than  fulfilling  this 
request  Ihe  Editor  has  secured  conlrihutions  from  practically  a  new  corps 
of  equally  eminent  authors,  so  that  entirely  fresh  and  original  matter  is 
onsured.  The  plan  of  the  work,  which  proved  so  suocesaftil,  lias  been  fol- 
loKi'd  iu  this  uew  volume,  which  will  be  found  to  present  the  latest  devel- 
opments and  applications  of  this  most  practical  branch  of  the  medical  art, 
The-entire  Syttem  it  an  unrivalled  encyclopEdia  on  the  proclJcal  parts  of 
medioine,  and  merits  the  great  success  it  has  won  for  that  reason. 
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HAKTSHORNErHENRYl.   ESSENTIALS  OF  THE  PBINCIPLE8 

AND  PRACTICE  OF  MEDICINE.    Fifth  edition.    In  one  12nio. 
volume,  66!>  piLges,  with  144  eiigravio)^.      Ctuth,  (2,76. 


A  CONSPECTUS  OF  THE  MEDICAL  SCIENCES.    Comprising 

MauusJi  of  Analomf ,  Pliyuolog)',  Chtniiatry,  Materia  MediCK,  Prao- 
tioe  of  Medioino,  Soreery  and  OtMtolrica.  Second  edidon.  In  one  royal 
ISmo.  vol.  of  102S  pagee,  with  477  illua.    Cloth.  (4.25 ;  leather,  (S. 


HATDBN  I  JAMES  R.). 

N«^w  (2d)  edition.     In 
graviags.    Cloth,  (1.E0, 


I  MANUAL  OF  VENEREAL  DISEASES. 
le  12mo.  Tolumc  of  3(H  pages,  with  54  eo- 
rt,    Jutl  ready . 


It  is  praotical,  ooncise,    definite  lioulttrly     Ihoi 

and  of  lufhcient  mineis  to  be  aatii-  relied  upon  aa 

fitetorjr. —  Chicago  Clinieal  Seview.  oi^nient  of  this  cUu  of 

Thii  work  fives  all  of  the  prac- 1  Northtoalem  Lantet. 
tiesllv  essential  infanDation    about        It  Ja  well  wHUf  Q.  up  V. 

the  three  venereal    i „ 

orrbteu,  the  chancroid  and  if  pbi 


Bad    may   be 


In  diaguusia  and  trcatmen 


ispar- 


UAVEmt  (GEORGES)  AND  HARE  (H.  A.).  PHYSICAL  AND 
NATURAL  THERAPEUTKS.  Tlie  Ilemedia!  Uie  of  Heat,  Elc* 
tricity,  Modifioatinns  of  Atmoapherjc  Preuuro,  Climaleaand  Uioeral 
Walere.  Edited  by  Prof.  H.  A.  Dark,  M.  D.  In  one  oelavo  volume 
of  414  pages,wilh  113  engraving*.    Clolh,  (3. 


thii     largi- 


TbiBWell-tiuied  up-to-date  volume  reco^ition.        Within 

i«  ^rtioularlv  adopted   to  the  re- ^  range   of    spplicabiliiy.    phy 

q^uirementi  of  the   geiirral   practi-  agenoies  when  compared  with  dru^ 

tioner     The   section   on     mineral  are  more  direct  and  limplc  in  Iheir 

wateri  ia  most  aoientific  and  prac-  rcaulu.     Unlical  lilcrnlure  hai  luu;; 

tical.     Ijome  200  pa)^(  are  given  up  been  rich  in  treatiaps  u|ion   medical 

to  electricity  and  evidently  embody  agenia,  but  an  authoritative  work 

.L..  i..„.  .^-.....is.   :_»_ .;_^    _^  ypy^    ^j,^    Other    great    branch    of 


the  subject.    Altogether  this  work 


is  the  cl 


0  the  study  of 
(hat  has  yrt  comennder 
vation.— rAe  Medical    Fortnightly. 
For  many  diseases  the  most  potent 
remedies  lie  outside  of  the  materia 
inedica,  a  fact  yearly  receiving  wider 


praclicaiaid   desileratum.  Tbesmtion  onolimate. 

therapeutics   rewritten  by   Prof.   Hare,  will,  for 

'  first  time,  place  the  abundant 


tell  I  gent    oommand    i 


-  Tht    JTotwu    Cits 


HERMAN  (G.  ERNEST).    FIRST  LINES  IN  MIDWIFERY.    In 

one  12mo.  vol.  of  198  pages,  with  80  engravingi.    Clotfa,  |1.SG.    Sn 
StHdrnt'i  Savt  o/  ifunitn/*,  page  27. 


HBRUANN  (li.).   EXPERIMENTAL  PHAKMACOI/XJY.    A  Hand- 
book of  the  Methods  fur  Dctermioiug  the  Pbyiiological  Aetiona 
Drugs.    Translated  by  Ruhbkt  Mkadk  Smith,  M.  D. 
TOliUDS  of  ItIB  pages,  with  32  engravings.     Cloth,  $1.60. 
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HRRRIGK  (JAMES  B.).    A   HANDBOOK  OF  DIAGNOSIS.    In 

one  bandsnine  l2aio,  volume  of  420  page*,  with  80  engreTiDgs  and  S 
ooliired  pintxt.    Cloth,  (2,60. 


Eicellvnilj  arranged,  praoticul, 
CDDciie,  up-to-dali;,  and  emineotly 
well  fitt^  I'ur  the  um  or  the  prov- 
licioaeroa  well  as  of  the  aludent.— 
CAuutiro  Med,  Recorder. 

This  volume  occumpliahis  its  oh- 
jeota  mori!  thoroDghlv  uid  com- 
pletely than  any  Bimilar  work  vet 
Sobliehed.  Ebcd  section  devoted  tu 
iteoseB  of  apeoml  systems  ia  pre- 
ceded with  an  exiKxitioD  of  the 
methods  of  physical,  chemical  uid 


microscopical  eiamlnatioD  to  be  em- 
ploved  in  each  olaaa.  The  technique 
ofb'looileiamiu&tiOQ.incIadiQgcoW 
analysis,  is  very  clearly  stulcd, 
Urmialysii  receives  adequate  spaoe 
and  care. — jVeio  York  Xed.Joitnial. 
We  comroend  the  book  not  only  t« 
the  undergraduate,  but  also  lo  the 
physiciaa  who  desires  a  ready  meant 
of  refreshing  his  knowledge  of  diag- 
---'-  in  the  eiigencies  of profr"--— ' 


BU-LtER  {THOMASI.  A  HANDBOOK  OP  SKIN  DISEASES. 
Seouud  edition.  In  one  royal  12mo,  volume  of  353  pages,  wilh  two 
pUtes.    Clolh,  t2.S5. 

amsT  (BARTON  C.)  AND  PIBRSOI.  (OBORGB  A.).  HUMAN 
MOXSTROSITIES.  Magnificent  folio,  containins  S20  page*  of  text 
uid  illustrated  with  123  engravings  and  3S  large  photngniphic  plates 
from  nature.  In  four  parts,  price  each,  (5.  l^iltd  fdiCion.  fir  tote 
by  lubtcriptioH  only. 

HOBLYN  (RICHARD  D.).  A  DICTIONARY  OF  THE  TERMS 
USED  IN  MEDICINE  AND  THE  COLLATERAL  SCIENCES, 
In  one  IZmo.  volume  of  630  donblc-columned  pages.  Cloth,  »1.50 ; 
leather,  $2. 

HOD6E  (HUGH  L.).    ON   DISEASES   PECULIAR  TO  WOMEN, 

INCLUDING  DISPLACEMENTS  OF  THE  UTERUS.  Secondand 
revised  edition.    In  one  8vo.  vol.  of  b\9  pp.,  with  illua.    CToth,  $4.60, 

HorPMANN(FREDBR1CKIANDPOWEnR(FREl>E:RICKB.). 

A  MANUAL  OF  CHEMICAL  ANALYSIS,  as  Applied  to  the 
Examinnllon  of  Medicinal  ChouiieaU  and  their  Prrparations.  Third 
edition,  entirely  rewritten  and  much  enlarged.  lu  one  handsume  octavo 
volnme  of  621  paces,  with  17D  engravings.    Cloth,  $4.2,'>. 

HOLMES  (TIMOTHYl.  A  TREATISE  ON  SURGERY,  IK  Prin- 
oiples  and  Practice.  A  new  American  from  the  fifth  English  edition. 
Edited  by  T.  PicKEHiNri  Pick,  F.R.C.S,  In  one  handsome  oaUvo  vol- 
ume of  lOOS.pageS,  with  423  engravings.     Cloth,  96 ;  leather,  (7. 

A  SYSTEM  OF  SUROERY.  With  notes  and  additions  by  varioni 

American  aathots.  Edited  by  .loiiN  H.  Packahd,  M,  D.  In  three 
verv  handsome  8vo.  volumes  coulaiuiog  3137  double^oolumued  pages, 
witli  979  engiwiiiffs  and  13  iilhographic  plates.  Per  volume,  cloth,  $6 ; 
leatlier,  17  ;  half  Russia,  tIStt.    For  taJt  bg  tubtcriplion  only 
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,  SPECIAL  ANATOMY  AND  HIS- 
TOLOGT.  Eighlfa  cditioii.  rcnwd  uid  niadificd.  In  Ivo  ]Mrgt  Sro. 
Tolamci  of  1007  pogca,  oontaiaiiig  33D  eogrmTingj.    Cloth,  (6. 


BUTCmSON  [ROBERT  .\>'D  R.UXY  iHAJUtr).  CLrSICAI. 
METHODS.  A  GUIDE  TO  THE  PRACTICAL  STDDY  OF 
MEDICINE.  In  one  t2mo  Tolimic  of  581  pagca.  villi  1S7  tagnt- 
ingi  and  8  Colored  plaUs.     CloUi,  $3.00. 

A  comprthennrv.  cl?&r  mnd   rr-  medical  knovMge  irliidi    reKive 

markablfnpIo-dateKUidtlocliiiical  mogiution,     ire    BCDlioD    Widal'm 

diagt»«i.       Tbe    illnstnliont    an  I«(   for  tTpboid    aod   (be   Stvroa 

plentifbl  and  eiedlcat.    As  exam-  tlkeor;  of  (br    aerroaa   ayitan. — 

plea  of  tbc  more  receat  addiliou  U>  Jt--iraiJ  tfrdital  JiianaJ. 

HUTCHINSON  (JONATHAN).   SYPHILIS.  I [i.iitiUla  ITmu 

Tolnme  of  542jiageB,  iriUi  8  chromo-litbogi^ihM  pUlBB,   Clllll^  fS J5. 
Sec  Stria  of  CTtnMu/  Manuait,  p.  £5. 

HTSE  IJAME8  NETINS).  A  PBACTICAL  TREATISE  ON  DIS- 
EASES OF  THE  SKIN.    New   l-lUii  editioa,  duvm^l;  reiiaid. 

In  one  ocMto  tdIuok  of  815  pages,  with  110  e '— *  .~  *  •■ 

page  pl>>0|  4  of  whieh   i 


.5  paces,  with  110  en^iMTunaad  13  Adk- 
¥   oolond.      aoth,  ^.S;  kad^,  t&iS. 

I   pncnicaL— n*  J 


Thii  edition  hai  baen  rarefull;  re-   ■ 
viaed,  and  ereir   real  adTSDce  haa    tun  oj 

been recogoUed.     Tbe  work aosweta  i      It  ii      ... 

the  neediof  IbegeDeralpnctitioner,  I  that  we  kjM*.    Tlie  stodeDI  wtra 
tbe  tpeciaJiit,  and  theEtadenL — TV   eeta  thii  book  will  find  It  a 


Ohio  Med.  Jou 


B  al  eioeptioiial    merit 


wbei 


ii  will  well  teire  faj 
I  iatD 


Vir- 


aiMi    acieatifie   accuimcy.  -  J-rfbi.   .   *  »^  "^  'i^!?^^''    ""^ 
v^    E>-_»j  leit-book    OB    ihiiaaMi  iigi   —  T%e 

Mtd.  Journal.  Piu^yry  MtHe^  *«.« 

A    complete     eipositioo    of    our  i      It   ia   the    Boat    frvHiai    band- 
IcDowledgE  of  eutaneous  medicine  ai   book  ob  derBaUdon-  wilb  which  we 
it  eiista  lo-daj.     Tbe  teaching  in- j  are  aequintnL— A*  C 
culcal  -d  (hroaghoui  it  aouod  a>  well    teal  Raarder, 

JACKSON  (OBOBGE  THOMABi.    TBE  READY -REFEKENCE 

HANDBOOK  OP  DISEASES  OF  THE  SKIN.  New  {Xd<  editioa. 
Id  one  ISmo.  Tolmne  of  G.17  pae«.  with  75  illiuuwiow  and  a  eolaraJ 
plate.    Ju^Ttadf.    Cloth.  t2;i<i.  "/(. 


«  nUrapa  Jferf- 


(don,  ifBptoma,  Tariettea,  etiology.  thonin^ilT 

puSolop,  diagnioaia,  treaUnent  aiid  eiproooo  of  ci _.    _..    . 

pragaeai*  of  dn-oMl  aAwtions.    Ta-  ^aunaait  Jcmrmat  tf  At  Mtiitmi 

bka   of   diStRDtial  diafooaia  and  Sciitet. 

•taodaidpraaoriMiaiu  willbe  fenud       The  woak  ia  Ui  aad  atevnH;  Ml 

■ottered  through  the  uxt.  aad  the  and  compete,  and  i«  i  nJinJiia  (ha 

work  enda  with  an  appendix  of  well-  recent  additioB*  to  Onr  ii 

tried  IbnBDbB.    Tbe  aeries  of  illw-  Above  all,  it  ia  caia 

tntioaa  is  rid  and    inatmetiTa. —  The  KTicircr  haa  fi 

Kmtpkit  Mtd.  MtKthlg.  book  for  aU^eata,  ai      _    ..  _ 

Tbe  teit  ii  deal  and   mlBcientlj  eqnallf  good  ibr  tba   liiaiMlliwiai . 

fldL    Tha  Bthjeet  of  tnatsietit  io-  dutaga  CKmit»l  Mittm. 


ire  >U,  it  >■  caiacBll/ nitiaaL 
Kiicircr  haa  fcaal  it  a  aaad 
L  for  atadeala,  bmI  bdimalt  b 
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JAMTE390N  (W.  AXiIjAN].    DISEASES   OF   THE   SKIN.     Third 

edition.    In  one  m-Mto  Tnlume  of  tiM  pages,  with  1  engmvlng  anil  D 
doubte-pi^^e  chron]o<1{thogrBphic  pUtea.     Cloth,  (11. 

JEWETT  (CHARLES).  ESSENTIALS  OP  OB9TETRIC8.  In  one 
tSoio.  volume  of  3.S6  p>e™,  with  SO  enerarings  and  3  colared  plut/». 
Cloth,  (2.26.     Jatlready. 

An  exceedinglir  luefnl  mnnual  for  I  ing  It  in  attraotive  and  eaailj  tjingi- 
Btudent  and  practitioner.  The  au- 1  hie  form.  The  book  is  well  itlus- 
thor  has  succeeded  unuaually  well  i  traled  throughont.—Jfn«ftwi/«  Jour, 
in  condensing  the  text  and  innrruig- '  of  Midieine  at\d  Surgery. 

THE  PEACTICE  OF  OBSTETRICS.     By   Americun    Aulhon. 

One  large  Ootavo  Tolume  of  763  pu^-es.  with  141  engrBvio|cs  in  black 

and    colon,  and     32  full-page  colored    plnlee.     JuM    ready.     Cloth, 

t5.00,  ntt;  leather,  $fl,DO,  net. 

A  clettrandpnutical  trentisenpon  I  the  liook    aboundB.     The  work  is 

obstctrioibywell-known  tencheraof  I  sure  to  be  popular   «ich    medical 

the  subject.    A  sprcial    fetitart!  of  |  studi-nCs,  as  well  as  buingofeitrenii- 

this  work  nunid   seem    t«    be  the   vuluu  to    the   praclitioner,  —  The 

excellent  Ulustrations   with  which  I  iMical  Age. 


tion.     In  one  oclavo  volame  of  340  pagei.     Clutb,  $3.25. 

JULER  (HENRY).  A  HANDBOOK  OF  OPHTHALMIC  SCIENCE 
AND  PRACTICE.     Second  edition.  In  one  octavo  volume  of  64S 
ith  201  engravingi,  17  chronio-lithogrttphio  plates,  leat-types  of 
._j   »__,. ?■.,., "-'--.filindiiea  Teat,    Clotli, 


Jaeger  and  Snellen,  and  Holragren' 
$3,501  leather,  {6.50. 

The  volume  is  particularly  rich  in  and  coached  in  language  that  can- 

matler  of  practical  value,  such   ai  not   fail  to    be    unuerabKid.       This 

directions   for   diBgnaaine,    uae   of  edition  likewise  embodies  such  ns- 

instruuienlfl,  Imtiug  for  glssBes.  far  visions  and  changes  as  were  neces- 

color  blindness,  etc.    The  sections  sary  to  render  it  thoroughly  reprc- 

derolcd  to  treatment  are  siognlarly  sentative. — Medical  Age. 
full,  and  at  the  same  time  concise,  \ 


$3.60. 

The  student  world  seems  thor-  Hoh  store. — Memphit  Med.  Monthly. 
oughly  oonvereant  with  Ihe  merits  I  From  first  tofinish  it  isthoroughly 
of  this  manual,  for  there  is  certain-  practical,  concise  in  expression,  well 
It  no  work  upon  ohstbtrlcs  more  in  illustrated,  and  includes  a  nlatement 
demand  by  them.  This  edition  has  I  of  nearly  every  fact  of  importance 
been  thoroughly  revised  to  represent  diseUBsed  in  obslelrio  treatises  or 
noj«n(..tnoT.™..in  i..(„,l,jeot,sp«!ial   cyclopedias.       The     well-arranged 

a  hasle  t« 


KIRK  rEDWARD   C).      OPERATIVE  DENTISTRY.     Handsome 

octavo  of  700  pages,  with  761  illustrations.  Jutt  ready.    See  A 
TexC-Booki  0/i>enfistry,  page2. 
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KLEnN  (E.).  ELEMENTS  OF  HISTOLOGY.  New  (6th)  edidon.  In 
one  12m'i.  volume  of  S06  pages,  vith  296  engrmviagi.  Jiut  rouily. 
Cloth,  fi-OO,  net.     See  Situfeif  <  Seria  o/  3fantuUt,  pftge  37. 

It  is  (he  moat  complete  utid  con-  ,  which  it  ia  vnlten,  lh«  abM^Doe  ot 
cise  work  of  the  kind  that  has  iiet  debstsblv  iiistt«r,siid  of  mnBicting 
pmsDftted  frum  [he  press,  a-oi  is  views,  the  convenieDl  size  of  the 
iavsluuble  to  the  active  r9  well  as  book  and  its  moderate  price,  will 
'o  the   embryo   practitioner.     The   account  for  its  undoubted  saaceas, — 

ii_..„.; vaatlj  superior  to    Mtdieal  Chronicle. 

'    -     •  This  work  deserredlv  occupit«  ■ 

Grat  pluce  as  a  teil-book  on   bis- 
1    lology. —  Oiimdian  Praclilioner 


o  8*0.  Tolumes  of  1488 


illDstratioQi 

The  Medical  Age. 
The  clear  and  concise 


-  PNEUMONIA.    In  oi 


le  of  490  pik)^.     Cloth.  $3. 


L.A0RENCE:  IJ.  Z.)  AND  MOON  (ROBERT  C).  A  HANOY- 
BOOK  OF  OPHTHALMIC  8DKGERY.  Second  edition  In  one 
octavo  votume  of  227  pagi-s,  with  66  engravings.     Cloth,  »2,76. 


I^EA  (HKNRY  O.).    A  HISTOBY  OF  AURICULAR  CONFESSION 
AND   INDULGENCES   IN  THE   LATIN    CBUECH.      In   three 

octavo  volumes  of  about  500  pages  eneh.  IVr  volume,  cloth,  »3.00, 
Complttt  worlj'iil  reudy. 

CHAPTEBS  FROM  THE  RELIGIOUS  HISTOSY  OF  SPAIN  ; 

CENSORSHIP  OF  THE  PRESS;  MYSTICS  AND  ILLUMINATI- 
THE  ENDEMONIADAS;  EL  SANTO  NINO  DE  LA  GCARDLA ; 
BRIANDA    DE   BARDASI.      In  one  lamo.  volome  of  G22  pages. 

Cloth.  (2.6(1. 


STUDIES  IN  CHURCH  HISTORY.    The  Rise  of  the  TemponU 

Power— Benefit  of  Clergy —Eionmmunicalion.     New  edition.     In  oue 

handsome  12mo.  volume  of  605  pages     Cloth,  (2.50. 

AN  HISTORICAL  SKETCH  OF  SACERDOTAL  CELIBACY 

IN  THE  CHRISTIAN   CHURCH,    Second  edition,    In  one  hand- 
some octavo  volume  of  6Sfi  pages     Cloth.  (4J>0. 
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LOOMIS  (AliPRED  L.l  AND  THOMPSON  (W.  GIUWAN, 
EDITORS).  A  BYSTE«  OF  PRACTICAL  MEDICINE.  In 
Contributions  by  Viirioiu  American  Authora.  In  fonr  very  hand- 
nome  octavo  roluiaei  of  aboiil  900  pages  each,  fullj  illuatrated  in 
in  blank  and  colon.  Compltie  work  xtne  rtadj/.  Per  volume,  cloth, 
i5;  leather,  (6 ;  hilf  Morocco.  $7.  For  lalt  by  tubteription  only. 
Full  proapectu*  fVee  on  application  to  the  Publiahen,  Sec  American 
Sytlrm  of  PraeWcai  Mtdiciiit,  pag:e  2. 


LUPP  (ARTHUR  P.).    MANDAL  OF  CHEMISTRY,  for  the  use  of 

Students  of  Medicine.     In  one  12nio.  volnme  of  622  pages,   with  36 
engravings.    Cloth,  (2.    See  Stadtnt'i  Stria  of  Manaati,  page  S7. 

LYMAN  (HHNRY  M.).  THE  PRACTICE  OF  MEDICINE.  In  one 
very  handsome  octavo  volume  of  926  pages,  with  170  engmviuga. 
aoth,  (4.76:  lesthcr,  (5.75- 


tice    of  mcdi 


t  treatise  on  the  prac- 
■'-■    —=■■--     by   ont 
villi    hii 


/air 


subject,  but  Who  haa  alsn  learned 
through  practical  experience  in 
teaching  what  arc  the  needs  of  the 
student  und  how  to  present  the  facta 
to  Wa  mind  in  the  moit  readily 
aralmllablc  form.  The  practical  nud 
busy  physician,  who  wants  to  ascer- 
tain in  a  short  time  all  the  necessary 
facts  concerning  the  pathology  or 


treatment  of  any  disease  will  Gnd 
here  3  safe  and  convenient  guide.— 
The  Charlotte  MedicU  Jaamal. 

Complete,  concise,  fullj  abreftst  oi 
the  timea  and  needed  by  all  stDdeota 
and  practitioners. —  Vn!».lHtd.Mag. 
An  exceed  inglyvalunble  text-book . 
'racticaJ ,  Rysten    ' '  ..... 

well   balanced.— 

Represents  fiilly  the  moit  rei 
knowledge.— JfoiKrea?  Med.  Jou 


liYOPCS  (ROBERT  D.).  A  TREATISE  ON  FEVER.  lu  one  octavo 
volume  of  362  pages.    Cloth,  (2.25. 

MACKENZIE  (JOHN  NOI.AND).  ON  THE  NOSE  AND  THROAT. 
Handsome  octavo,  about  600  pages,  richly  illustrated.     Prepnrinj, 

MAISGH  (JOHN  M,).  A  MANUAL  OF  ORGANIC  MATERIA 
MF.DICA.  New(7th)editioo,  thoroughly  revised  by  H.C.C.Maisch, 
Ph.  G.,  Ph.D.  Inoneveryhandjioniel2mo.volumc  of  613  page*,  with 
285  engravings.     Jus!  rendy.     Cloth,  (2.50,  nrl. 

The  beat  handbook  upon  phar- 
mncof-nosy  of  any  published  in  this 
oouutiy. — Button  Med.  i  Sar .  Jmr . 

Notedonbothsldesof  the  Atlantic 
and  esteemed  as  much  in  Germany  as 
in  America.  The  work  haa  no  equal. 
—Dommion  Med.  Monthly. 

Used  as  teit-book  in  every  college 
of  pharmacy  in  the  Unileil  Stales 
and  recommended  in  medical  col- 
IcgM  .—jlflwriean  Thtrapitt. 


United  States  Pharmacopisia.— Pir. 
ginia  Med/Uat  Monthly. 

This  standard  teit-book  is  a 
work  of  such  well-tried  merit  that  it 
stands  in  no  danger  of  being  anper- 
sedsd.— vimrr.  DruggitI  and  Phairm. 


30     Lea  Bbothebb  ft  Co.,  Pbiladelpbia  and  Niw  Yobe. 

MANDAIifl.     See  Stadmt'i    Quit  Stria,  page  27,  Student't   Seriet^ 
3fnn<iaU,  pa.ge  27,  nnd  Sm«  o/  (?i(tiwa(  JIfanuaU,  page  25. 

HARSH  (HOWARD).  DISEASES  OP  THE  JOINTS.  In  oi 

yol lime  of  468  pages,  witli  04  engrBTing»and»colnred  piftle.  Cloth, fS: 
See  Stria  of  Ctinicat  ManaoU,  page  25. 


e  p»ge  a  few  mnain ;  Ihew  a 


I 


MAT(C.  H.).  MANDAL  OF  THE  DISEASES  OF  WOMEN.  For 
the  u«e  of  Students  and  PraotiUonera.  Second  edition,  rerUcd  by  L. 
3.  Rau,  U.  D.  In  one  12mo.  volume  of  360  ptges,  with  31  ec 
inga.     Clntli.tl.75. 

MEDICAL  NEWS  POCKET  FORMULARY,  see  page  33. 

MITCHELL  (8.  WEIR).      CLINICAL  LESSOSS  ON  NEEVOUS" 

DISEASES.  In  one  ISnio.  volume  of  299  p«g«,  with  19  eagrarings 
tuiil  2  oolored  plates.  Cloth,  $3.60.  Of  'he  buodreil  Dumlwred  copic* 
with  the  Author's  signed  title  p  ~  '        "  ~      ' 

in  green  cloth,  gilt  top,  at  $3.60,  n 

There  is  no  qnestion  as  (o  the  in-    popular  one.     The  book  Ireati  1 
tereit  of  the  clinical  pictures  pre-   nyBterla,  recurrent  melancholia,  dr 

sentMl  in  this  volume.     Maaf  rare  \  orders  of  ileep,  rt       ' 
eismplea     of     spurions       trouble! ,  false    senaaliona 
(hysteria)  are  siven  and  Irregular  .  hem  I  pi  egic  paia, 
types  of  other    nervous  "  aHectious.   atica,  erythromeu 

The  study  of  these  typpa,  froin  the    neurosis^  hysteric   , 

author's  clear  nolea  and  deductions,  |  tary  movementi  in  the  feeble 
will  be  of  value  to  the  Student  of  i  raioded,  etc.  Few  can  ip«»k  with 
neorology.— 7S«  Chicago  Clinical '  more  authority  than  the  anthor.— 
Rtviea.  I  The  Journal  bJ  the  Amtriam  Medi- 

Thii  is  a  book  by  ft  master  and    if  eal  Anoeialion. 
we  mistake  not  il  will  prove  n  very 

MITCHELL  {JOHN  K.).  REMOTE  CONSEQUENCES  OF  IN- 
JURIES OF  NERVES  AND  THEIR  TREATMENT.  In  one 
handsome  12mo.  volume  of  239  [lagw.with  12  illustrations.  Qoth,  $1.75. 

Injuries  of  the  nerves  are  of  fre- 
quent oacarrenGi!  in  private  practice, 
and  often  the  canae  of  intractable 
and  painful  conditions,  conse- 
quently this  volume  U  of  especial 
interest.  Doctor  Mitchell  has  had 
access  to  hospital  recorJsfarthe  last 
thirty   years,   as    well    as    to  the 

MORRIS  (HAIrfXJLH).  DISEASES  OF  THE  SKIN.  New  (2(1) 
edition.  In  one  12mo.  volume  of  (ill  1  puges,  with  10  chfomo-litho- 
graphic  plati's  and  3^    eugravings.     Cloth.  $3.25,    nr(.     Jml    rrai}/. 

HVLLER  (J.).  FEINCIPLES  OF  PHYSICS  AND  UETEOROI, 
OGY.    Id  ons  Urge  Svo.  vol.  of  633  pages,  with  638  cat*,  aoth.  $4.60. 


government  documents,  and  has 
skilfully  ntiliied  his  oupoKunities. 
This  work  will  doubtlera  take  a 
prominent  place  in  medical  litem- 
ture  among  the  special  monographa 
which  throw  lielit  into  oWure 
places  and  oontribuleto  the  advuiotr 
of  medical  science.— 7%«Jffd.  Aj: 


Lba  Bbotbebs  &  Co.,  Pbiladklphia  and  Szw  Tobk.     Si 


MUSBER  ( JOHN  B.)-   A  PEACTICAL  TBEATISE  ON  MEDICAL 

DIAGNOSIS,  for  Studenls  (Wd  PhyBieians.  Ne»  I2d>  edition,  thor- 
oughly revised.  In  one  oetoTii  Volume  of  931  pages,  vith  177  engrar- 
ingE  and  11  full-pngc  colored   plalcs.    Cloth,  (6;  leather,  $6, 

We  hare  no  work  of  e<iiial  value 
Id    Enelish,  —  Univeriilg    Mttlical 

Ever^  rent  advance  Ui»t  ha»  been 
made  in  this  rapidlj  progresaiag 
department  of  mrdiaioe  U  bere  re- 
corded. There  IB  no  half  knowledge. 
Hii  deecription*  of  tht  diagnostic 
aianifeslatiODi  of  dlHgiwi  are  acou- 
rale.  This  vork  will  meet  ail  the 
requiremeDla  of  student  and  pbjli- 
CMn.—  Tke  Mftical  Ntv: 

From  its  pages  may  be  made  the 
diapno«ii  of  every  malady  that 
nSticts  the  human  body.  inoludiuE 
those  which   in  g<-nernl    are  denlt 


early  d<  _ _  .       

ipeaks  volumes  for  the  book's  popu- 
larity.— t/arthMtaleTK  Lancet, 

lughly  meelB  the  precise 


leading  text-book  by  Ihe'medical 
colleges  of  this  country.  —  JftwfA 
American  PmclUionrr. 

Ocoupiea  the  foremost  place  as  a 
thoroQgb,  systematic  treatise.—  OAio 
Mtdieal  Journal. 

The  best  of  its  kind,  invaluable  to 
the  student,  general  pnictilio 


teacher. — .Won(P*>  I  Mtdicil  I  Jou  n 


NATIONAL  DIBPBNBATORY.  ^teStilU,MaitcJi&Gapa.n,f.^. 


NATIONAIi  MEDIOAI.  DICTIONARY.    See  Billing,,  page  4. 

NEnr-EBHIPiE.).  DISEASES  OF  THE  EYE.  New  (6lh)  American 
from  sixth  English  edition,  thoroughly  revised.  In  one  12mo.  volume 
of  521  pages,  with  Ifil  engravings,  and  2  eolorrd  plulm,  teel-trpea, 
*—.., .._.,...  ..,;_j-„.j^^     CIolh,(2,25,     Jutt  ready. 


formula  and  color-blindDC 


By  far  the  best  student's  uit-book  English      language.  —  ./uunia/      of 

on  the  subject  of  ophlhalmolngy  and  ilMidne  and  Saifaee. 

is  ounveniently  and    ooncisely   ar-  The  present  editiou  is  the  result 

ranged,— J^eC/iiti'mi  Reviev.  of  revision   both   in     England  awl 

It  baa  been  conceded  by  opblbal-  America,  and  therefbre  contains  the 

mologiste  generally  Ibat   this  work  latest   and    best    ophthalmologieal 

for    compactness,    practicality  and  ideas  of  both  eontinents.^T'Ar  PAy- 

ele*nicss    haa  no  superior     in   the  liciaii  avd  Surgeon. 

NOKRIS  (WM.  P,|  AND  OLIVER  |CHAS.  A.).  TEXT-BOOK  OF 

OPHTHALMOLOGY.     In  one  octavo  volume  of  841  pages,  with  357 

engravings  and  H  colored  plates.    Cloth,  t^ :  leather,  (fl. 

We  take  pleasure  in  eommendinc  ,  to  the   every-day  sindent  and  (he 

the  "Teit-book"   lo  students  and  |  scientific  observer  ii  oflered  lo  the 

practitioners  as  a  nfe  and  ndmir-   reader.    Rules  and  procedures  are 

able  guide,  well  qualified  to  furnish    made  so  plain  and  so  evident,  thai 

them,  as   the   authors  intended  it  i  any  student  can  easily  understand 

';in^    kiiowl- I  and  employ  them^    It  u  practical  ii; 


rvedly  e> 


should, 

edge  of    Ophthalmol  ocy."  —  „  .    

Hoptint  Hotpital  Bulletin.  \  dorse  it  as  the  beat,  the  safest 

The  first  bext-book  of  diseases  of  i  most  comprehensive  volume  upon 
the  eye  written  bv  American  authors  the  subject  that  hasever  been  oflered 
for  Ameriran  colleges  and  students,  to  the  American  medical  public— 
Every  method  of  ocular  precision  I  AnnaU  of  Ophthalmology  and  Olo- 
that  can  beof  any  clinical  advantage  '  logy- 


I 


22     Lea  Bbotbkbs  A  Co.,  Philarelpbu.  axd  Nkw  York. 

OWEM  (EDMUND).  SURGICAL  DISEASES  OF  CHILDEEN. 
In  one  12m(i.  volume  of  S25  page*,  with  85  engraTinj^  and  4  c>ilnred 
plules.    Cloth,  $2.    See  Seria  c/  Clinieai  Sfanuali,  pB|^  25. 

PAJUE  iROSWKLIi).  A  TBEATI3E  ON  SUBOEKY  BY  AMEEI- 
CAN  AUTHORS.  Id  turn  hudsome  octavo  volumes.  Volume  I., 
General  Surgery,  799  pagM,  with  366  eogiavinga  and  21  A]ll-pag« 
platt^,  in  colors  and  monochrome.  Volume  II,.  Special  Siuger?. 
800  pi^ea,  witli  430  eugravingi  and  17  fuU-pag«  platea,  ia  colon 
and  mODOvhraine.  Per  volame,  cloth,  M.fiO;  Wther,  {5.50.  Xrt, 
Cotnpltle  vnn-k  tutie  ready, 

TbeworkU<reab,clearandpnicti'  tiicl;  d«w  and  executed  in  such  a 

cal,  covering  the  ground  Ihorougblj  way  that  Ibey  add  grenl  Tone  (o  tbe 

jet  britSjr,  and  iceU  arrsngea  far  text.    It  gives  ue  nnuiaal  pleasure 

rapid  referencv,  ao  thai  it  will  be  of  U>  recammend  thii  work  to  ttudenlt 

special  ralne  to  the  student  and  buBf  and    practitiuuera  alike.— TAf  CM- 

Eractitioner.       The    ^thology    ta  earn  MtdUal  Rtcorder. 

road,  clear  and  KieDUfic.  while  Ihe  The    various   wrilera   have    cm- 

suggesLiODS    upon     treatment     are  bodied   the  teachings   accepted    al 

olear-cnt,  thoroughlj   modem   and  the  present  hour  and  the  methods 

ndminiblj  resourceful. — Jo/mi  Hop-  now   in   vogue,    both    >s    rennls 

kiiu  Iloipilai  Bulletin.  causes  and   treatment.— TAc  Sorlh 

The  latest  and  best  work  wriHen  American  Practitumrr. 

upon  the  science  and  art  of  surgery  Both  for  the  student  and   pradj- 

OoluteJiuj  Mcdieat  Jourtiat.  lioner  it  is   most    valnabte.    It  ia 

Its  special   field  of  application  is  thoroughly  practical  and  vel  thor- 

in  practical,  overy^Jay  use.    It  well  oughly  scit-iiitfio  — JfnJicaf  A'nn 

dwervea  a  place  iu  every  medical  A  truly  modem  surgery,  not  only 

man's  library. — The  Pittviurg  Med-  in    pathology,   but    alao   in  sound 

ieat  Rtvita.  sorgical  iherapeutica.  —  Stv     Or- 

Tbe   iUustrationi  are  almost  en-  Uaiu  Med.  aid  Stirgieal  JoHriuil- 

PABK  (WILLIAM  H.|.     BACTERIOLOGY  IN  MEDICINE  ANI> 

SURGERY.     12mo.,ab..at5.Wpft^es,  fully  illuslniKd.      /n />r,«, 

PARRY  (JOHN  8.).  EXTBA-DTEEINE  PREGNANCY,  ITS 
CLINICAL  HISTORY,  DIAGNOSIS,  PROGNOSIS  AND  TREAT- 
MENT.    In  ..ne  octavo  volume  of  272  pages.    Cloth,  (2.50, 

PARVIN  (THEOPHHiUS).    THE  SCIENCE  AND   ART  OT  OB- 

5TETRI(^.  Third  editiou.  In  one  handsome  octavo  volame  of 
377  pages,  with  267  engravings  and  2  colored  plates.  Clotli,  (4.25; 
leather,  95.25. 


In  the  foremost  rank  among  the  ,  prsotising    obstetrician.  —  InUma- 


it  pracrieal  and 
works  of  Ihe  daj—iffdital  yevi. 
It  nnks  SKuud  lu  none  in  the 
English  langiia^. — Annali of  G</ne- 
eology  anil  /Wiafry, 

The  book  is  comp]i-l«  in  every  de- 
partment, and  contains  allthcneoes- 
^•t^il  required  by  the  modern 


tioiuil  Medical  Magatini 

Parvin's  work  is  pi*ctieal,  con- 
cise and  comprehensive.  W«  oom- 
mend  it  as  first  of  its  class  ]n  ibe 
EuElish    language. — Medieat    Fort- 

It  is  an  admirable  text-book  in 
every  sense  of  (he  word. — SaiK^lU 
Journal  (if  Medteine  and  Swftrjf. 
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LKA    BBOTHBB9   &   CO,,   PBILADELPBIA    J 


PEPPEB-8  SYSTKM  OF  MEDICINE.    See  p«ge  3. 


PICK  (T.  PICKBIUNOl.      FRACTDRES  AND  DISLOCATIONB. 

In  one  12iuo.  volume  of  530  pages,  with  93  eagraviagi.     Clotb,  $3. 
See  SeHa  of  Clinical  JUaJituiU.  page  2G. 

PliArPAlR  (W.  S.).  A  TREATISE  ON  THE  SCIENCE  AND 
PRACTICE  OF  MIDWIFERY.  Seventh  American  from  the  ninth 
English  edition.  In  one  octavo  volume  of  70U  pages,  with  S07 
engravings  ajid  7  plates.    Cloth,  $3.75  net:  leather,  t4.TG,  net,    Ju$l 


In  Ihe 


editions  wbioh    obstettioiaii 


_     ..._  _ _.    . It  holdsaplaoesmoDg 

have  appeared  it  has  been  kept  con-   (he  shiest  English-speaking  authon- 
Blaatly  lu  the  RiremoEl  mnk.    It  il   ties  on  the  obBletnc   trt.—BvJalo 
a  work  which  Can  be  Conscientious!  j    Medical  and  Surgical  Jourtutl. 
recommended  to  the   profession.—       An  epitome  of  Ihe  science    and 
The  Albany  Medical  Annal:  i  uractice  of  midwifery,   which  em- 

This  work  must  occupy  a  fuic-   bodies  all  refent  advances.  —  The 
most  place  in  obstetrio  medicine  as    Medical  FartnighUy, 
a  saf^  guide  to  bulb  student  and  ' 

THE  SYSTEMATIC  TREATMEKT  OF  NERVE  PR08TBA- 

TION   AND    HYSTERIA.      In  one  limo.  volume   of  07    pages. 
Clolh,  tl. 

POCKKT  FORMULARY,  see  page  .12. 


POLITZBR I ADAHI.  A  TEXT-BOOK  OF  THE  DISEASES  OP  THE 
EAR  AND  ADJACENT  ORGANS.  Second  American  from  the 
third  Gennnn  edition.  Translated  bv  OsCAtt  DuUU,  M.  D.,  and 
edited  \<j  Sir  William  Dalbv,  F.  R.C.  S.  In  one  octavo  volume  of 
748  pages,  with  330  original  engrayings.     Cloth,  |6.50. 

Tbt  anatomy  and  physiology  of  ment  are  clear  and  reliable.  We 
c»cb  part  ol  the  organ  of  hearing  can  confidently  recommend  it,  fur  il 
are  carefully  CDnaidcred,  and  then  contains  all  tbat  is  known  upon  the 
follows  itn  enumeration  of  the  dis-  subject.— Zon^i  La-acet. 
eases  to  which  that  special  part  of  I  A  safe  and  elaborate  guide  into 
the  auditorj  apparatus  is  especially  every  part  of  otology. — American 
liable.     The    Indieatinns    for  treat-    Journal  of  tht  Medical  Science*. 

POWER  IHENRY).    HUMAN  PHYSIOLOGY.   Second  edition.    In 


PItOORBSSIVB  MEDICINE,  see  pagr  i-2. 

PURDT  (CHARIfS  W.|.    BRIGHT'B  DISEASE  AND  ALLIED 

AFFECTIONS  OP  THE  KIDNEY.    In  one  octavo  volume  of  2S8 
pages,  with  18  eo^iravings.    Cloth,  %2. 


PTE-SSOTH    PHUJP  H.  .     I'ISEASES  OP  THE  SOX.     la  ^ 

gciz  semes,   m*  at-infi  vh* &Ha. p^^c  =*. 

RAXFE     CHARLES  H..     CLIXICAL     CBEMI5IKT.     la    om 

RAMSBOTHAM  FRANCIS  H-  .  TB£  P&INCIPLZS  AXf  PRAC- 
TICE OT  ■-■BSrrTElC  MEPITIXE  ASP  «rBG£ET.     U  <*r 


RE31SEN    IRA.    THE  PKISCIPLES  OF  THEOEETICAI.  CHZM- 

vf  adlStuI:  f=&,it«C     Wt  w^aljT    &T;.r      This  ii  fs-ibcr    i»-iTi'iAiil 
TLti^^k  u  t>,'^lT  adapMd '.-  :bt    'S\ra  i^'.-Kj-.r^K.  ^rii  It*  ---     Tbc 

—Sr:-'>'.i:-i}iti.  •    :>    -:..':■'■     t.^  T^i«-i:-„v:  ia»  •««,  bk«rtt 


ROBERTS    JOHN  B.  .    THE  PKINCIPI-E?  ANP  PE-ICTICE  OF 
l||ji>ERy  SL'EGEBY.     In  -at  ^vut.-.  r^<==„     f  -••:.  pa^o,  wnh 

-  THE  OJilPE-VD  OF  ANATOMY,     Ft  -j*  ic  tit  Diwncac 


'-•I'm  kud  in  pr^pahnz  f-T  EiKminsd- -[><.     Is 

i;»;|»ifW.     Limpek-ih.'TSTOEa. 

ROBERTS    SIR  WlUXUf  .      A   PP.ACTICAL   TF.EAT15E  OS 

UP.INAEY  A.VD  EENAL  DISEASES.  INCLUDING  CEIXABT 
DEPCf^iTi^.  Fc-anh  Ani*ric«ii  fr«a  -Jit  T:-zr.h  L>>iNi.-«:  (ditk«^  Ib 
one  TtTT  luDdjoiD*  i^o,  to!.  -:Y  S£i?  pp..  ■iOi  *1  iIloL     Oxh,  tUii>. 

ROBeRTBON  J.  MCOREGOR  .  PHYSIOLOGICAL  PHTSJCS^ 
Id  oat  I^r..  T'Azmt  '■■t  537  pa^.  ai^  2:^  tcfTSTincf.  Ckch.  C. 
Sw  Sudenl'i  Stria  of  Jfinikiu.'paft:  iT. 

ROSS  JASCES'.  A  HANDBiXtE  OF  THE  DISEASE?  OF  THE 
NE&VOrS  SYSTEM.  Id  -m  hacdK-DW  kkimt^  yoIuih  <<  rsf  fatim, 
villi  IH  f  DgrariDEL     rl-'Oi.  |4-M' :  l«atbeT.  t^.hl: 

•AVAOE  GBORCEH.  .  INSANITY  AND  AUJEL>  NEl'EOeES. 
PKACTICAL  AND  CLINICAL.  Id  .<iw  12bo.  tcJvmw  .if  551  fwM, 
^th  IS  rrpkal  CDgTsnagL    Clodi.  K.    £<c  Sfna  v/  CitairaX  mm- 


&  Co.,  Philadelphia  and  Nbw  yobk.     SS 

SOHAPEIR   (EDWARD  A.|.     THE   E3SENTIAXB  OF  HISTOI^ 
OQY,  DESCRIPTIVE  AND  PRACTICAI..   For  the  om  of  StndenU. 

New  (.1(h)  edition.  In  one  handwime  ocWvo  volume  of  3S9  P*gB<i 
with  3rt3  iilmtrationi.  Cloth,  »3.(M),  nel.  Jifl  rr.<dy. 
Nowhere  else  will  the  Bune  veiy  i  The  too»l  salisfaclor^  elemealar; 
modenilroutla^iecureaBthoroughl;  I  text-book  nf  hiiloloEV  in  the  Eog- 
U!ieful  Bad  intoreflting  bq  Mlaa  of  lieh langosge.^ — The^oilini Med. and 
Btruetunil  anatomy .—  T**  A^Mrican  Sur.  Jour. 
Journal  a}  the  Medical  Sdencct, 

A  COURSE  OF  PRACTICAL  HISTOLOGY,    New(M)  edlUon. 

In  one  ISmo.  volume  of  307  pngeH,  wilb  S9  engravlngi.  Cloth.  (2.26. 

The  book  very  oesrl;  approacbea  I  overpraiaed.    It  beare  eloqaeat  les- 

perfvction.    Uelhadnare  given  wilb    timooy  Id  the  wide  knowledge  uid 

an  necuntcv  of  detail  and  previiiun    untiring  induBtrv  of  ila  author. — 

of  diffiouttiM  which  can  hardly  be  I  The  Scoltiih  Med.  and  Surg.  Joitr^ 

Ht'HIiEIF  (WILIJAMl.     MATERIA  UEDICA,  THERAPElrTlCt 
PUESCRIPTION  WRITING,   MEDICAI,   LATIN,  ETC.       " 

.'ir>a  page*,  rliilb,  tl.."iO,  ncr.  Jtiil.  rrnJy.  J^ii',  ,Km>t  of  /'••ehi 
TrH-b.x,k8.    Kdiled  by  Rem  H.  tlallaiidel,  M.  O. 

BCHMTTZ   AND   ZDMPT-S   CLASSICAIi  SERIES.    Advanc* 

Lutin  Exerci«ee.  Cloth,  60  els.  Sahmidt'a  ElemenUry  Lalia  Eu 
i:iH«.  Cloth  SO  eenta.  Sallunt.  Cloth,  60  ccnti.  Nepoa.  Cloth,  6 
oenti.    Virgil.    Cloth.  Se  Gents.    Curtiui.    Cloth, SO  oenU. 


4 


ELEMENTARY    FHYSIOI.«Qr^ 
■mo.  Yoltune  of  380  pan*,  with  iSOM 

Cloth,  $2.  ■ 


SOHOFIEIiD   (AliFRED   T.). 

FOR  STUDENTS.        In  one 
engmvlngi  and  2  colored  plalea, 

8CHBEIBER   (JOSEPH).     A   MANUAL  OF  TREATMENT 
MASSAGE  AND  METHODICAL  MUSCLE  EXERCISE.    Oct 

lolume  of  274  pi^:eii,  with  117  engraviDgi, 

SENS   (NlCHOIiAS).    SURGICAL   BACTEBIOLOOY.    

lion,     la  one  octavo  volume  of  ZUS  pB»«.  with  13  platen,  10  of  whU 
are  ciitored,  and  9  engravliigi.    Cloto,  f2. 

SERIES  OP  ClilNlCAIi  MANUAI«.  A  Ottiet  of  ADtboritatin~] 
Monogisphiou  Important  Cliaicai  Subjeela.  in  ISmo.  volume*  of  about 
550  pages,  well  illiiitr«lHl.  Tbe  following  Toluma  are  Dowreadf: 
Yko  on  Food  in  Health  and  Disease,  new  |2d)  edition.  (2.60;  Caotbr 
and  FnofiT'x  Ophthalmic  Surgery,  $2.25t  HoTTBiNtiOH  on  Sypbilii, 
t2.25;  HaksH  od  Diieasea  of  the  Joiau,  $3;  OWK.I  on  SorglMlDis- 
easeaof  Children,  tS;  FirK  on  Fraetumand  Disloeatioru,$3;  BUTUM  I 
on  the  Tongue.  t3.50;  Bavaor  op  Inmnily  and  Allied  Neuroan,  *' 
For  uparate  uoliou,  see  under  various  autbun'  namea. 

SERIES  OF  STUDENTS  MANUAIA.    See  page  27. 

SIMON  (CHARLES  E.).    CLINICAL   DIAGNOSIS,   BY  MI< 
SCOPICAL  AND  CHEMICAL  METHODS.    New  (3d)  edition.    . 
one  very  handsome  OOtavo  volume  of  630  pagM.  with  136  engravin 
and  14  full-page  colored  plates.     Cloth,  TS.SC       '    '  "     * 


This  book  thoroughly  deservn  its  , 
BUceeM.  It  iia  very  onmplete,  authen- 
lie  and  uaefnl  manual  of  tbe  miero- 
nonpioil    and     «heuile»l    oiethod*    i 
which  an  enphncd  In  diai{'»'*'" 
Verj  eioellent  mlored  pint.  ■ 
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HIMON  (W.t.  MANUAL  OF  CHEMISTRY.  A  Goide  to  Leotuna 
and  Laboralory  Work  for  Beeinnen  in  CheiuMUT.  A  Tcit-book 
apeciall}'  adiipteil  (ur  BtudenU  of  PlmrmBcy  sud  Medicine.  New  (6th) 
edition.  In  one  Bto.  Tolume  of  5^S  pages,  villi  4d  engrarings  kiid  8 
plaMa  ihowing  colon  of  64  Icsu.  CloOi,  $3.00,  net.  JuM  rtady. 
It  U  difflcull  lo  «««  how  abetter   the  eorereof  thisbook.— rA«  iVvrfV 

>XH>k  could  be  iTonitmcled.     No  man    imfirti  Zanctl. 

who  devotei  himaetr  lo  the  pmclicc       Its  lUlemcntB  are  all  clcv  and  ita 

of  nieiliciue  need  liDow  more  sbout    tracbings  are  practical. —  IVr^'nia 

chf  misCrf  Chan  ia  contained  belwcvo    Mtd,  Mouthly. 


SMITH  (J.  liEWlS).  A  TREATISE  ON  THE  DISEASES  OK  IN- 
FANCY  AND  CHILDHOOD.  Ei eh th  edition,  thorotiglilir  rerijed 
and  rewritten  and  much  enlarged.     In  one  large  6io.  Toliuae  of  983 

Egea,   with  2i'i  cngreviDgs  imd  4  full-page  plaiea.    Clotb,  $4.50; 
Lther.  $6  ,.50. 
The  moat  complete  and  satit fac-  ^  can  more  than  hold  ila  own  a^DM 
I0T7  Kii-book  iriih  which  we  arc  anr  other  wnrk  treating  of  (he  vmc 

acquainted. — Ameriatn  Gj/Hftoiogi-  «ubjecL — Ameriean  Mtdieo-Surgieal 

citand  OlMelricai  Journal.                 [  Bullniit. 

It  truly  is  the  moit  crenl/  ba!-  A  safe  puidelbratiideataBodpby- 

anoed,    clear   iu    description    and  jiciaoa.— !r*<iliii..ronr.o/06j(tfrK». 

thorough  in  detail  of  any  of  the  For  years  the  leading  text-book  on 

iMwks  publiihed  in  Ihia  country  on  children 'i   diseaaes  in    Amt 

tbia  subject.— J/ali'ca/   ForlnighUi/.  Chicago  Mtdical  Recorder. 

A  treatise  which  in  every   respect 

SMITH  (STEa*HE:N|.    OPERATIVE  SURGERY.    Second  u>d  thor- 

oaghly  revised  edition,       in   one  octavo  volume  of  893   pagea,  with 
1005  engravings.     Cloth,  $4  ;  leather,  $5. 
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SOLLY  l8.  l-aJWDf).  A  HANDBOOK  OF  MEDICAL  CLIMA- 
TOLOGY. In  one  handsome  octavo  volume  of  462  pag^,  with  en- 
era  vinga  and  II  fult-pHge  plutca,  5  of  which  are  in  colon.  Cloth,  $4.00. 

A  clear  and  lucid  sumniury  of  au  accurate  obaerver  and  praetieal 
whal  it  known  of  climate  in  relation  ,  therapeutist.— yoryfaarf  .I/irf.  Jour. 
to  its  inSueuee  upon  human  beings.  Every  practitioner  of  medicine 
—  The  Therapeutic  GauUc.  \  abould  poaaeas  himself  of  a  copy  auid 

The  book  ia  admirably  phinned.  study  it,  and  we  are  aore  he  will 
clearly  written^and  theauihorapeeka ,  never  rcgrrt  it. — SI.  Lonii  Affdirad 
from  an  experience  of  thirty  years  a.s    and  Siiryictil  Joanutl. 

BTILLE  (ALFRED).  CHOLERA;  ITS  ORIGIN,  HISTORY.  CAUS- 
ATION. SYMPTOMS,  LESIONS,  PREVENTION  AND  TREAT- 
MENT,     in  one  l2mo.  volume  of  1 03  pagea,  with  u  chart  ihowing 

<■  previoua  epidemics.     Cloth,  $1.25. 

THERAPEUTICS   AND    UATEBIA    MEDICA.      Fourth   •nd 
irised  edition.      In   two  octavo  volume*,  oontaining    I93S    pags. 
'    $10;  Udktbu.tU. 
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STUiIii:  (ALFRED).  MAISCH  (JOHN  M.)  AND  CASPARl 
(CHA8.  JR.).  THE  NATIONAL  DISPENSATOEY;  ConlBming 
the  NuCunU  HUtocy,  ChtmUtrr,  Pharmsuy,  Actions  and  Uses  of 
MediciDcs,  inctndinK  those  rrco^ized  in  the  latcBl'Pbarmncopaias  of 
(he  United  St&tea,  Cfrett  Britain  and  (jcrmuiy,  with  Dumeroua  refer- 
ences to  the  French  Codei.  Fifth  edition,  revised  uid  enliu^ed, 
including  the  new  U.  S.  PhammcopcDia,  Seventh  Decrnaiail  Reviilon. 
With  Supplement  containing  the  new  edition  of  the  Nstiouat  Fonuu- 
Jarv.  In  one  magnificent  imperial  oolavo  volume  of  about  202S  pages, 
wit'h  320  engraving*.  Cloth,  17-26;  leather,  18.  With  ready  rufiircnoe 
Thumb- letter  Index.    Clotb,  f7.75;  leather,  (8.50. 
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amount  of  inrormation  contained  io 
this  work  is  made  available  ii  indi- 
cated by   the  Iwunly-fiTB   Ihoasand 
references  in  the  two  indexea.— i(oi- 
((!»  Mtdienl  and  Svrgicai  Journal. 
SbouldberecoKni>™  as  a  national 
Btnndard.— JV»rt)S  Am.  Practitiantr. 
STtUSON  (LEWIS  A.).    A  MANUAL  OF  OPEEATIVE  SURGERY. 
New  |3d|  edition.     In  one  royal  12mo.  volnmc  of  614  paging,  with  306 
engravings.    Cloth,  $3.75. 
A  nseful  and  practical  jiuide  fori      The  book  is  north  the  price  for  the 
all  studcQls  and  practilionen.^jlni.    illnetrutions    atone. —  Onio   Medical 
Joiirnnl  of  Ihi  iledical  Scitnctf.  I  Journal. 

8TIMSON  (LEWIB  A.).     A  TREATISE  ON  FKACTURES  AND 

DISLOCATIONS.    In  one   bandsome   octavo  volume    of  831  pages, 
with  32(i  engraviagB  and  20  plates.     Jii,l   rfady.     Cloth,  $6,011,  nrt  ; 
leather,  £6.00,  nfl. 
Preeminently   the    authoritative'      Taken  as  a  whole,  the  work  is  the 

text-book  upon  the  subject.      Tbe  i  beet  one   in    English     to-dny. — St. 

vast  experience  of  tbe  BM^iot  mviit\Lo>iu  Mrdical  and  Svrgicatjimrmtl. 

to  his  conolasiousanuuimpeacnahle  !      Pointed,  practical,  comprebensiie, 

value.    The  work   is  proFusrly   11-  i  exiiaustive.  aulhorilative,  well  writ- 

Instraled.    It  will  be   foond  indis-ltcn    and    well    arranged, — Dtnfrr 

(lensable  to  the  student  and  the  prOC'    MrdimI   Timet. 

titioncr  alike.— TAe  Medical  .Ujc    i 

STUDENT'S  QUIZ  BBEUBS.  Thirteen  volumes,  convenient,  author- 
itative, well  illustrated,  handBomely  bound  in  cloth,  t.  Anatomy 
(double  number);  2.  Physiology;  3.  Chemistry  and  Physics;  4.  llislol- 
ogy.  Pathology,  and  Bacteriology;  5,  Materia  Medica  and  Thera- 
peutics;  6.  Practice  of  Medicine;  7.Surgery  [doable  number);  8,  Genito- 
urinary and  Venereal  Diseases;  6,  DiieaHS  of  tbe  Skin;  10.  Diseases 
of  the  Eye,  Ear,  Throat  and  Nose;  11.  Obstetrics;  12,  Gyiiecoliitty; 
13.  Diseases  of  Children,  Price,  tl  each,  except  Nus,  1  and  7, 
Anatomy  and  Surgery,  which  being  double  nombers  are  piiced  at 
tl.TS  each.    Full  specimen  circular  on  application  to  publlshera. 

STUDENT'S  SERIES  OF  MANUALS.  12moa.  of  from  300-540 
iragcs,  profusely  illustrated,  and  bound  in  red  limp  cloth.  HkkkaH'S 
First  Lines  in  Midwifery,  tl.25;  LVPF's  Uanual  of  Chemistry,  t2; 
BRUCE'sMateria  Medica  and  Therapi!Utica(siith  edition),  $l.r>0.  tirr. 
Bell's  Comparative  Anatomy  and  Physiology,  $2;  Robeht- 
fiu.s's  Physiological  Physics,  $2;  Ooitld'b  Surgical  Diagnosis,  |2; 
Ki.EiK'S  Elements  of  Histology  (6tb  edition),  (2.00,  urf :  Pefpks's 
Surgical  Pathology,  $2;  TREVES'  Surgical  Applied  Anatorajr,  $3; 
Power's  Human  Physiology  (2d  edition),  $1.60;  Ralfb's  Clinical, 
Chemistrr.tl.SO;  and  Clarke  and  Locewood's  Dissector's  Manual 
(1.50.  The  following  is  in  press  :  P&FPBR'H  Forensic  Medloiue. 
For  separate  notices,  see  under  various  anther's  names. 
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8D1TON  (JOHN  BI.AND].  SURGICAL  DISEASES  OF  TilE 
OVARIES  AND  FALLOPI.VN  TUBES.  Inoluding  Abdominml 
Prtgnati;:y.  In  one  I2u]0.  toIuhk^  of  513  page*,  with  119  cagraTiDgs 
Bod  Q  colored  pliktea.     Cloth.  iS. 

TUMORS,  INNOCENT  AND   MALIGNANT.     Their  aiiuc«I 

Fealnrta  and  Appropriate  TrBalincnt.  In  one  Svo.  ToLof  526  pp.,  with 
350  engTATinga  and  9  full-page  platea. 

TAIT  ILAW80N1.    DISEASES  OF  WOMEN  AND  ABDOMINAL 

SURGERY.     In  two  handsome  otlavo  volume*.     Vol.  I.  containa  546 
pages  and  3  plates.    Cloth,  tS. 

TANNER  (THOMAS  HAWKES)  ON  THE  SIGNS  AND  DIS- 
EASES OF  PREGNANCY.  From  the  second  Eniflish  edition,  In 
one  octavo  volume  of  490  pagea,  with  4  t»lored  plates  and  16  engrav- 
ingK.     Cloth.  (4.25. 

TATIjOR  (AIjPBED  8.).     MEDICAL  JURISPRUDENCE.     New 

American  from  the  twelJU)  English  edition,  specially  revised  b;  Clark 

RbLL.  Esq.,  of  the  N.  Y.  Bar.    In  one  8vo.  vol.  of  SSI  pages,  with  54 

engrs.  and  8  full-page  plalea,    Clolh,  14.50;  leBther,$5,50   Jtutrtadi/. 

To  the  student,  as  to  the  physician, :  nesses,  it  atrongl/  behootca  (hem  to 

we  would  say,  get    Taylor  first,  and  !  be  prepared  according  to  the  princi' 

then  add  ns  means  and  inclination    pies    and    practice  everywhere  ac- 

enable  you. — Amrriran  I'mctitiomr    ceptn).     The  work  will  oe  Rinnd  to 

and  Unrt.  bi^      thorough,     authoritative    and 

It  is  th«  authority  accepted  us  modern. — Albanj^LateJovmat, 
final  by  the  courts  of  all  English- 1  Probably  the  best  work  on  the 
speaking  countries.  Tliis  is  the  im-  subject  written  in  the  English  lan- 
portant  consideration  for  medical  I  guage.  The  work  luu  l^n  thor- 
men,  since  in  the  event  i>f  their  |  oughly  revised  and  is  up  to  date.— 
beltig  euuimoned  as  experts  or  wit.  .  Pacific  Media 
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ON  POISONS  IN  RELATION  TO  MEDICINE  AND   MEDL 

CAL  JURISPRUDENCE.    Third  American  tram  the  thinl  London 
cdltiou.    In  one  octavo  volume  of  788  pages,  with  104  illuslralions. 

Cloth,  t5.r>0;  leather,  $6.60. 

TAYIXJR  (ROBEIRT  W.).  THE  PATHOLOGY  AND  TEEAT- 
MENT  OF  VENEREAL  DISEASES.  New  |3di  edition.  In  one 
very  handsome  octavo  volume  of  700  pages,  with  ZOO  engravings  and 

U  colored  plates.     /»  prttt. 

Notices  of  previoui'  edition  are  appended. 

By  long  odds  the  best  work  on  diseases  that  has  in  recent  years  sp- 
venereal  diseases. — Ijtaiiiville  Midi-  peared  in  English.— J men'can  Jonr- 
i-nl  MoiUhly.  i  nal  of  the  Medieal  Seina* 

In  the  observation  and  treatment  It  is  a  veritable  storEhouse  of  onr 
of  venereal  diseases  his  experience  knowledge  of  the  venerval  diKases. 
bus  been  greater  probably  than  that  It  is  commended  as  a  ronaerrative, 
of  any  oiherpractitinner  of  thisoon- 1  practical,  full  eipatiltan  of  the 
liuent. — A'ewTork  Mtdicai  Joumtit.  '  greatest    value.  —  CJkifogo    dinieat 

The  clearest,  moct  unbiased  and  '  Reriev. 
ably  presented  treatise  as  jet  pub-       The   beat   work  on  vettmal  dia- 
lished   on    this  vnst  subject.^TAc  i  easn  in  the  English  language.     It 
Mtdieai  yriei.  ,  is  certainly  above  evervlhmg  i^  the 

Decidedly  themoti  important  and  I  kind.— 7%«  fit.  Lmtt'MediMl  and 
kUthoritative  treatise    on    venereal  I  SuryUalJotinial. 
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TAVIX>R  (ROBERT  W.|.    A  PRACTICAL  TREATISE  ON  SEX- 
UAL  DISORDERS   IN  THE   MALE  AND   FEMALE.    In   one 
8vo.  Tol,  of  448  pp.,  nilh  73  engraviiigs  mid  8  coloreci  plates.    Clolh, 
tS.     yH:     Jiul  ready. 
It  U  u  limelj'  bouD  U>  the  medical    the  female  ia  preiwiilcd  ia  Mn  cxbiiUB- 
profewion  Ibat  an   observer  of  Dr.  j  tire  manner,  all  of  the  caaseB  pro- 
Tajrlor's  skill  and   experience   has   cjucin^    it  being   described.      The 
wntteo   a    work    on   this  hitherto   author  has  preienti^d  to  the  proTes- 
neglected  aud  little  understood  class   sian  the  ableai  and  most  scientific 
of  diieasei  which  places  them  on  a   worlc   u   yet  published  on  sexual 
acientiGc  basil  and  reiidera  them  so   diaorden,  and  one  which,  if  carefully 
clear  that  the  physician  who  reads  1  followed,  will  he  of  unlimited  value 
its   pages   can   treat  this   clan  of  I  to   both   ph^rBician    and   patient. — 
pntientA  intelligently.     Sterility   \d\  Medical  Xeat. 

A  CLINICAL  ATLA3  OF  VENEREAL  AND  8KIN  DISEASES. 

Including  Diagnosis,  Pro[(no>is  and  Treatment.  In  eight  large  folio 
parts,  measuring  14  x  IS  inches,  and  comprising  213  beautiful  figures 
on  58  full-page  chromo'tithographic  plates,  S5  fine  engravings  and  42G 

Cages  of  text.  Complete  work  now  ready.  Price  per  part,  sewed  in 
eavy  embossed  paper,  $2.60.  Round  in  one  volume,  half  Russia, 
}!27;hBlfTurkey  Morocco, 128.  For taUfyyi\^Krij)tion only.  Addre» 
the  publishers.    Siiecimcn  plates  by  mail  on  recdpt  of  leu  eenla. 

TAYLOR  (SETMOUR).    INDEX  OF  MEDICINE.    A  Manual  for 

the  use  of  Senior  Students  and  others.    In  one  targe  ISruo.  volume  of 
802  pages.    Cloth.  $3.75. 
THOMAS  IT.  GAILIiARD)  AND  HUNDE  (PAUL  F.).    A  PRAC 
TICAL  TREATISE  ON  THE  DISEASES  OF  WOMEN.    Sixth 
edition,   thoroughly  revised   by   PAin.  F.   McNnft.  M.  D.     In  one 
large  and  handsome  octavo  volume  of  824  pages,  with  347  engravings. 
Cloth,  $6  ;  leather,  $6. 
The  best  practical   treatise  on  the        This  work,  which  hasalready  gone 
subject  in    the    English    language. '  through  five  largecditions,  and   has 
It  will  be  of  especial  value   to  the  |  been  translated   iuto  French,  Oer- 
general  practitioner  as  wellasto  the  I  man,  8|>aoish   and  Italian,  is  the 
■pecialiat.   ThelllnMrationaare  very    most  practical  and  at  the  same  time 
satisbctory.   Many  of  them  aie  new  I  the  most  complete  treatise  upon  the 
and  are  particularly  dear  and  utirac-    subject. — Tkt   Archiva  aj  Qyneeol- 
tive.— Boi(ori  Med.  and  Sitr.  Jour.     '  ogy,  ObtUtria  and  Ptdiatriet. 
THOMPSON  {SIR  HENRY).    CLINICAL  LECTDBES  ON   DIS- 
EASES OF  THE  URINARY  ORGANS.     Second  and  revised  edi- 
tion.   In  one  octavo  vol.  of  203  pp.,  with  25  engraviugg.    Cloth,  $2.26. 

THE    PATHOLOGY   AND   TREATMENT   OF   STRICTURE 

OF  THE   URETHRA  AND  URINARY   FISTULjE.     From   the 
third  English  edition.     In  one  oclsvo  volume  of  359  pages,  with  47 
engravings  and  3  lithographic  plates.    Cloth,  $3.50. 
THOMSON  (JOHN).    DISEASES  OF  CHILDREN.     In  one  crown 
octavo  volnmeofS.'iOpaees,with62illus.  Cloth, $1.75,  nf7.  Juanady. 
TODD  IROBEKT  BENTLEY).    CLINICAL  LECTUREa  ON  CER- 
TAIN ACUTE  DISEASES.     In  one  8vo.  vol.  of  320  pp.,  cloth,  $2.50. 
TREVES    (FREDERICK).     OPERATIVE   SURGERY.      In    two 
Svo.  vols,  containing  1550  pp.,  with  432  illus.     Cloth,  $6  ;  leath.,  $11. 

A  SYSTEM  OF  SURGERY.    In   Contributions  by  Twenty-five 

English  Surgeons.  In  two  large  octavo  volumes.  Vol.  I.,  1178  pagea, 
with  463  engravings  and  3  colored  plates.    ■"-'  "    """ "• 
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TREVES  (FREDEBICKi.  TDE  8TDDEST8'  HAJIDBOOK  OP 
SURGICAL  OPERATIONS.  In  one  12mo.  volume  of  508  pp.,  wit). 
91  iilustralion)'. 


TPKE  (DANIEI.  HACK).  THE  INFLUENCE  OF  TBE  MIND 
UPON  THE  BODY  IN  HEALTH  AND  DISEASE.  Second  edition. 

In  one  8>o.  Tolome  of  467  pagrs,  wi)b  !  calorvd  putt's.     Clolh,  fS. 

VADOHAN   (VICTOR   C.)   AND   NOVT    IFREDEBICK    G.). 

PTOMAINS,     I.EUCOMAINS,    TOXINS    AND    ANTITOXINS, 
or  the  Cliemical  FaoUin  in  the  CaumitioD  of  Disease.   Nvw  (3d)  edition. 
In  one  I2mo.  volume  of  fl03  pages.    Cloth,  t3. 
The  work  hu  been  brouebl  down       Tbe  preaenl  edilian  hoa  been  ni>t 
to  date,  nod  will  be  fonnd  entireW    ont;  thoroughly  revised  throughout 
witisfactory. — Joanuil  uf  Utr  Aateri-   but   also   greati;    enlar^il,  ample 
can  Xtdieal  Aaofration.  eoniideratlon  being  given  to  the  Dew 

The  tnoM  eih&native  and  mint  re-    iDbjecIa  of  toxins  aad  antiloxina. — 
cent  preaenwtion  of  the  aubjeol  —    Tn-^nlt  Malleal  Journal. 
American  J'Kir.  of  Ihe  Mtd.  Seienta. 

V18ITINO  LIST.  THE  MEDICAL  NEWS  VISITING  LIST  for  1899. 
Faur  slvles:  Weekly  (doled  for  30  ptlienUI:  Monthly  (undated  for 
120  iiatienta  per  mouth);  Perpetual  (undated  for  30  patiente  each 
week);  and  Perpetual  (undated  for  6<i  patieutn  each  week).  The  60- 
patient  book  ooneistn  of  25fi  pageE  of  uwined  blanks.  The  fint  three 
gtrlea  contain  33  paBes  of  important  dkta,  thoroughly  reTiMd,and 
Ifkl  pages  of  assorted  blanks.  Fjich  in  one  volume,  priee,  $1.25. 
With  tbuDib-lL'tler  index  for  quick  use.  25  oenla  extra.  Special  rmles 
to  advance-puving  subscribers  to  Thk  Medical  News  or  Tbb 
American  JorRS'AL  optheHsdical  Sciences,  or  both.  Se«p.32. 

WATSON  (THOMA81.  LECTURES  ON  THE  PRINCIPLES  AND 
PRACTICE  OF  PHYSIC.  A  new  American  fk^m  the  fifth  and 
enlarged  English  edition,  with  additions  b)-  H.  HABtsHoKXE,  H.  D. 
In  twi.  large  Svo,  vols,  of  1840  pp.,  with  190  cnta.  Cloth,  (3 ;  le«th«r.  (11. 

WEST  (CHARLES).  LECTURES  ON  THE  DISEASES  PECDUAB 
TO  WOMEN.  Third  American  from  the  third  English  edition.  In 
one  octavo  volume  of  543  pages.    Cloth.  $3.76 ;  leather,  $4.76. 
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